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DISPOSITION LIST. 

URING tlie period under rc})ort. the ofticers of tlie Depni+nif nt 
were emi>loyed as follows :— 



J)r. G. IDE 1\ Cotter 

Dr. J, Coqgtn Brown 
Mr. H. C. Jones 

Dr. a. M, Huron 


Superintendent s. 

Retired from service from tlie 28t]i 
August, 1933. 

On leuv(' preparatoiy to retirement 

Retired from service from tlie 25th June, 
1933. 

Granted leave out of India on average 
jiuy for 6 months; availed himself of 
the same with effect from the 27th 
March, 1933, from the field, and re¬ 
turned from leave and ro.sumcd duty 
on the 22nd September, 1933. A]) 

pointed to officiate as Director from 
the 5th October to the 22nd December, 
1933, and placed in charge of the 
Northern Circle after that period. 
Kemainod at headquarters. 

B 2 








4 


Records oj the Geological Survey of India. [ VoL. LXVIII. 


Db. C. S. Fox 


Mb. E. L. G. Clego 


Mb. H. Cbookbhanb. 


Supirintendents —contd. 

. Returned from the field on the 30th 

March, 1933. Placed in charge 
of the Southern Circle till the 26th 

March, 1933, and thereafter in charge 
of the Northern Circle till the 22nd 

December, 1933. Deputed from the 
30th October to the 26th November, 
1933, to examine the site selected for 
the construction of a dam on the Bha- 
vani river in the Coimbatore district, 
and to investigate the occurrences of 

the laterito in South India. Left for 
Assam on the 18th December, 1933, 
and placed in charge of the Southern 
Circle. 

. Continued in charge of the Burma Circle. 
Returned from field work in the Mogok 
area to Rangoon on the 16th May, 
1933. Proceeded to Taikkyi on the 
20th May, 1933, in connection with the 
geological examination of the Gyobyu 
and Nyaunglebin Lakes Scheme, and 
returned to Rangoon on the 22nd May, 
1933. Continued the large scale geo¬ 
logical survey of the Mogok Stone Tract 
and left for the field on the 2nd Nov¬ 
ember, 1933. 

Assistant Superintendents. 

. Returned from the field on the 15th May, 
1933. Appointed to officiate as 
Superintendent from the 27th March to 
the 21st September, 1933, and 
again from the 6th October to the 
22nd December, 1933. Placed in 
charge of the Southern Circle till the 
22nd December, 1933, and left for 
the field in the Central Provinces on 
the 10th November, 1933, 
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AssistatU Superiniendents —coritd. 

Mr. G. V. Hobson . On leave preparatory to retirement. 

Rao Bahadur M. 

ViNAYAK Rao . . Retired from service from the 14th Feb¬ 

ruary, 1933. 

Mb. E. J. Bradshaw . Re turned from field work in Assam on 

the 12th March, 1933. Attached to 
the Burma Circle and assumed charge 
of the duties of the Resident Geologist 
and Ofiicial Member, Yonangyaixug and 
Singu Oilfield Advisory Boards at Ye- 
nangyaxmg on the 20th March, 1933. 

Dr. A. L. CounsoN . Remained at headquarters in charge of 

Office as Assistant Director. 

Me. D. N. Wadia . Remained at headquarters as Palecout 

ologist. Granted leave on average pay 

from the 11th to the 22nd December, 
1933, with permission to affix the 
Christmas holidays. 

Dr. J. a. Dunn . . Ucturned from the field on the J7th May, 

1933. Attached to the Southern 
C’ircle and loft for the field in Bihar and 
Orissa on the 23rd October, 1933. 

Mr. C. T. Barber . Continued as Resident Geologist at Ye- 

nangyaung till the 13tn March, 1933. 
Granted leave on average pay for 8 
months combined with leave on half 
average pay for 20 months, prepar¬ 
atory to retirement, from the 17 th 
March, 1933. 
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Assistant Supermtcndenis—^ontd. 

Mr. E. R. Gee • , Returned from the field on the 14th June, 

1933. Attached to the Northern 
Circle and left for the Salt Range, 
Punjab, on the 6th October, 1933. 

Mr. W. D. West , Continued to act as Curator of the Geo¬ 
logical Museum and Laboratory till the 
20th April, 1933. Granted leave out 
ol India on average pay for 6 months 
and 23 days from the 2l5t April, 1933. 
Returned from leave and resumed duty 
on the 11th November, 1933. At¬ 
tached to the Southern and Northern 
Cucles lor woik m the Central Provinces 
and the ILmalaya respectively and 
left ior field work m tbe Nagpur 
district on the 27th December, 1933. 

Du. M. S. Kcisbjnan , Returned Jrom the held on the lOtii 

April, 1933 Ajjpointod Curator oi the 
Geological Museum and Laboratoiy 
from the 21st April, 1933. 

Mr, P, Leioestkr . Retired liom service from the 7tli May, 

1933. 

Dr. S. K. Chatteujkk . Retired Irom service from the 30th 

August, 1933. 

Mu. J- B. Audio w . . Returntd from the field on the 9th May, 

1933. Granted leave on average pay 
for 6 months and 8 days combined with 
study leave for 1 month and 10 days 
from the 31st Ma}*-, 1933. Attached to 
the Northern Circle for continuing his 
work in the Outer Himalayas on return 
from leave. 
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AsdstmU SuperiMondenis —c-ouold. 

Mr. V. P. 8onl>hi . Graaited leavd ou iiverage pay tiuiu tl«) 

i2th to llie 31st January anti iroin tin* 
5th to tho 20th Felaruary, 1933, Irotn 
the held in tho fc5oul]u*ni Shtm Siatois. 
Deputed to examuie the Gyolyu aid 
Nyaunglobiu Lakes ytthenie ol the Jian- 
<*oon Corporation Iroin the 5th (e the 
22nd May, 1933. Ktdurued to tie* iieltl 
on the 2ytli Ma)', 1933, and arlived 

back ui Kangoou lor recess ou the 
4 th Jtily, 1933. Attached to the 
Jlnrma Circle to continiu! hi.s w oi k in 
the 8outheru Sliiiu States and hit loi 
tho field ou th<^ 3rd No\ember, 1933. 

Mr. B. B. Cui’TA . . Ketired li'uin semce iioiu (lie 1st Novem¬ 

ber, 1933. 


Ejoha hiiHit Supermh 

Dr. H. L Cjiuxuukr . Granted e.'ite.nsien of Jeavt; out ol India 

on h.iU average pay loi 2 inonths «<n<l 
14 days and leave without allowaiiee 
lor 12 days in eontiauatiou oi 4 udy 
leave lor 7 months, Iroin the 2nd March, 
1933. 

Dr. 1*. X. G'hosii . . Jieturnod lioiu the liehl on the 7l1i April, 

1933. Attached tv) the Southern CueU- bu 
work m the Conti ai Frovimie,' and ielt 
lor the held on the 17th November, 
1933. 

Dr. M. R, Sahni . . Returned to liangoon lor recess ou the 

13th June, 1933. Attached to the 
Burma Circle to continue liLs wot k m 
tho Northern Shair States and lelt. loi 
the liohl on the 3rd November, 1933. 
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Bxlra Assistant Superintendents—conid. 

Mb. P. JShattaohabji . Returned from the field on the 2nd May, 

1933. Granted leave on average pay 
for 1 month and 10 days from the 13th 
November, 1933, with permission to 
affix the Christmas holidays. At¬ 
tached to the Southern Circle to 
continue his work in the Bhandara dis¬ 
trict. 

Mb. B. C. Gupta . . Returned from the field on the 3rd May, 

1933. Attached to the Northern 
Circle for work in Bombay Presidency 
and left for the field on the 20th 
November, 1933, 

Mb. 11. M. Lahibi , Returned from the field on the 4th May, 

1933. Attached to the Northern Circle 
to continue his work in the Hoshiarpur 
and Kangra districts and left for the 
field on the 8th November, 1933. 

Db. L. a. Nabayana 

Iyeb . . . Returned from the field to. Rangoon for 

recess on the 8th May, 1933. Granted 
leave on average pay from the 12th 
May to the 4th June, 1933. Attached 
to the Burma Circle to continue his 
work in the Mogok Stone Tract and 
left for the field on the 6th November, 
1933. 


Mb. P, N. Mukebjee , Returned from the field on the 3rd May, 

1933. Granted leave on average pay 
from the 12th to the 31st July, 1933. 
Attached to the Northern Circle for 
work in Bombay Presidency and left 
for the field on the 14th November, 
1933. 
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»»* 



Diu A. K. 1->EY 


Sxlfa Asn^nt Superintendents-^ndd. 

. . Hetarned iroju the Seld OQ tbo IMb ipjm, 

1933, again left for the held on the 3ld 
May and returned on the 24tli May, 
1933. Attached to the Southern 
Circle and left for the field in Bihar and 
Orissa on the 20th November, 1933. 


Mr. Austin M. N. 

Ghosh . . . Itcturned from the field on the 19th April, 

1933. Coiiiirnied in the grade of Extra 
Assistant Snjierintendent from the 
16th March, 1933. Attached to the 
Northern and Soutliern Circles for work 
in the Punjab Salt Range and in Assam 
respectively, and left for the field on 
the 21st October, J933. Returned 
from the Punjab on the 31 st December, 
1933. 


Artist. 

Mr. K. E. Watkinson . On leave preparatory to retirement. 


Assistant Curator, 

P. C. Roy . . .At headquartcjrs. Granted leave on 

average pay from the 4th January to 
the 4th March, 1933 


Field Collectors. 

N. K. N. Aiyengab . At headquarters. Granted leave on 

average pay from the 3rd May to the 
2lBt June, 1933. Attached to the 
Northern Circle and left for the field 
on the 31st December, 1933. 
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A. B. Bnrj 


MaHADEO liAM 


B. Gum’A . 


M. S. Venkatram 


Field Golleciots —coatd. 

. At headquarters. Promoted to the 

post of Field Collector on probation 
for one year Irom the 15th March, 
1933. Granted leave on average pay 
from the 1st to the 31st May, 1933. 

Attached to the Southern Circle for 
work under Dr. J. A. Dunn m Biimr 
and Orissa and left lor the Jield on the 
25th October, 1933. 

Abi>isUmt (Jhemi s/. 

. At headquaiieis. Granted leave on 

average pay from tho 10th to the 30th 

April, 1933. 

M'uscum A ivs iblaids. 

At headquaiters. Granted leave on 

averug<‘ pay from the Stli November 
to th(> 22nd December, 1933, with pei- 
inission to allix the Christmas holidays. 

Appoinl<^d as Museum Assistant substant¬ 
ively on probation lor one year Irom 
tho I5tli March, 1933. Granted leave 
on average pay fiom tho 5th to the 
3l8t October, 1933, with permission to 
Xnefix tho Puja holidays. At head¬ 
quarters. 


Tempo/<iry Museum Assistant. 

V. Bhaskaka IIao Appointed as Temporary Museum Assist¬ 

ant from the 3rd July, 1933, subject 
to the production of a medical cert¬ 
ificate of health. 

2. The oadre of the Department consisteil of 3 Supeiintendents 
and 10 Assistant Svqiaxintendents. 
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ADMINISTRATIVE CHANGES. 

3, Dr. A. M. Heron officiatfid as Director from tlio Dtli Otdobcr 
to tlio 22nd December, 1933, vice Dr. L. L. Fermor on ](‘av<‘. 

Mr. H. Crookshaiik officiated as SujxMiutendont iroiu the 27t}i 
March to the 21st Sepiember, 1933, vice Dr. A. M. Heron on Jeavo, 

and again from the 5th Oetobei’ to the 22n(l 
porntmenlT December, 1933, vice Dr A. M Heron oibe- 

lating as Director. 

Mr. W. D. West acted as Curator ol the (Geological Mus<*um an<l 
Laboratory up to the 20th April, 1933, and th<‘roaftcr Dr. M. 
KrLshuan. 

Mr. A. M. N. Gliosli was confirmed in the grade oJ Kxtia Assistant 
Superintendent witli etfect iiom the 15th Manh, 1933. 

^ 4, Dr. C. de h. ('otter, Supeiintendent, le- 

cl remtiit. tinid Irom tin- sei vi< <; w'ith elTect from the 28lh 

August, 1933. 

Mr. 11. C. Jones, Sujieviiiteude.n1, rotuetl from the siivjce with 
efiect Irom the 25th .June, 1933. 

Kao Bahadur M. Vinayak Kao, Assist.uit Sujierrntiuident, letired 
from the service witli idiect Inun the 14lh Febiuarv, 1933. 

Mr. B. Xjcicester, Assistant Superintendent, lelired liom the 
sea VICO 'witli eiroct from the 7th Ma>, 1933 

Dr. S. K Chatterjee, Assistant Siiperiiitendeiit, letueil from tlio 
service with ell'cot from the .’iOtli Augu.st, 193.‘> 

Mr. B. B. Gupta, Assistant Sujioriiitondont, retired tioiu the 
service with effect from the 1st l^ovemlier, 1933, 

5. Dr. L. L. Fermor was granted combined leave out ol India 
for two months and nineteen days with clfect Irom the 5th October, 

1933, with peimis.sion to pielix ilu' Fuja lioli- 
.cavt. days and to affix the Christmas Iiolidays. 

Dr. A. M. Heron was giauted leave out ol India on average pay 
foi six months with efleot Irom the 27th March, 1933. 

Mr. D. N. Wadia was granted leave on average pay lor twelve 
days with elfect fiom the ilth l)cce,mbp', i 93.‘>, with peimisbiou to 
affix the Christmas holidaj’s. 

Mr. C. T. Barbel was granted eombined leave lor two years and 
lour months with effect Irom the 17th March, 1933. 

Mr. W. D. West was granted leave out of India on average pay 
for six months and twenty-three days with efiect from the 21st 
April, 1933. 


Leave. 
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Mr. J. B. Auden was granted combined leave for seven months 
and eighteen days with oSect from the 31st May, 1933. 

Mr. V. P. Sondhi was granted leave on average pay for twenty 
days with effect from the 12th January, 1933, and again for sixteen 
days with effect from the 6th February, 1933. 

Dr. H. L. Chhibber was granted extension of leave out of India 
on half average pay for two months and foiirteen days and leave with¬ 
out allowance for twelve days in continuation of study leave for 
seven months with effect from the 2nd March, 1933. 

Mr. D. Bhattacharji was granted leave on average pay for one 
month and ten days with effect from the 13th November, 1933, with 
permission to affix the Christmas holidays. 

Dr. L. A. Narayana Iyer was granted leave on average pay for 
twenty-nine days with effect from the 12th May, 1933. 

Mr. P. N. Mukorjee wa^ granted leave on average pay for twenty- 
one days with effect from the 12th July, 1933. 

LECTURESHIP. 

6. Mr. W. D. West continued to act as a part-time Professor of 
Ueology at the Presidency College, Calcutta, up to the 20th April, 
1933, thereafter Dr. M. S. Krishnan from the 24th July, 1933. 

POPULAR LECTURES. 

7. Two popular lectures were given during the year by Mr. A. M. 
N. Ghosh, arising out of his work with Dr. C. A. Matloy on the dino¬ 
saurs near Jubbulpore. The first was ‘ On the making of Jubbul- 
poro ’ and was deliv^^^red before the Central Provinces and Berar 
Geographical Association, Jubbulpore : the second was on ‘ Some 
Prehistoric Reptiles of India ’, and was delivered befoie the Bengal 
Women’s Education League, Calcutta. 

PUBLICATIONS. 

8. The following publications wore issued during the year under 
report:— 

1. Records, Vol. LXVI, Part 4. 

2. Records, Vol. LXVli, Part 1. 

3. Records, Vol. LXVII, Part 2. 

4. Records, Vol. LXVII, Part 3. 
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6. Memoirs, Vol. XVIII, Part 1 (Reprint). 

6. Memoirs, Vol. XXI, Part 2 (Reprint). 

7. Memoirs, Vol. XXI, Part 4 (Reprint). 

8. Memoirs, Vol. LV, Part 2. 

9. Memoirs, Vol. LXII, Part 1. 

10. Memoirs, Vol. LXII, Part 2. 

11. Memoirs, Vol. LXIII, Part 1. 

12. Memoirs, Vol. LXIV, Part 1. 

13. Palaoontologia Indica, Now Series, Vol. IX, Memoir No 2 

Part VI. 

14. Palajontologia Indica, New Series, Vol. XXI, Memoir No. 1. 
16. Palaeontologia Indica, New Series, Vol. XXII, Memoir No. ]. 


LIBRARY. 

9. The additions to the library amounted to 3,278 volumes, of 
which 1,055 wore acquired by purchase and 2,2 by pr<\sentatiou 
and exchange. 


DRAWING OFFICE. 

10. The Artist, Mr. K. F. Watldnson, was on leave preparatory 
to retirement, and Mr. S. Ray hold charge of the Drawing Office 
throughout the year. 

11. During the year, 135 half-tone and lino blocks were prepared 
for plates of the Records, Memoirs and Palaeontologia Indica and 

PabHClom. 80 plates wore printed ofl. 65 drawinge’ and 
62 hne blocks for text figures, wore also pre¬ 
pared. 

The number of geologically coloured originals received from 
officers totalled 165, while 2,449 topographical sheets wore received 
from the Director, Map Publication, Survey of India, and 565 were 
issued for departmental use. 

12. This department was fully occupied with copying, developing 
and printing work for publications and reports. The nitmbor of 

239, whiU 

1,534 photographic prints were made. In 
addition, 105 lantern slides were prepared. 
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MUSEUM AND LABORATORY. 


Staff. 


Chemical work. 


13. Mr. W. D. West contimted as Curator of the Geological 
Museum and Laboratory till the 20th April, 1933, when he pro- 
c?oeded on leave and was replaced by Dr. M. S. Krishnan. 

Babu Puma Chandra Roy, Assistant Curator, was on leave from 
the 4th January to the 4th March. Babus Dasarathi Gupta and 

Anil Bhusan Dutt continued as Museum Assist¬ 
ants, but the latter was promoted to the post 
of Field Collector from the 15th March. M. R. Ry. M. S. Venkatram 
continued to work as temporary Museum Assistant until 15th March, 
when he was ap^Jointed substantively tnce Babu Anil Bhusan Dutt 
promoted to the Field Collector’s grades. M. R. Ry. V. Bhaskara 
Rao was appointed as temporary Museum Assistant from the 3rd 
July. 

14. The Department is now ^vithout a Chemist, though there has 
been no diminution in the ammmt of work in the laboratory, follow¬ 
ing the reduction in the personnel carried out 
recently as a measure of retrenchment. As a 

result, a considerable amount of analytical work has had to be done 
by the Assistant Curator, at the cost of interference with his routine 
duties in the Laboratory and Museum. In addition, a limited 
number of analyses have been made abroad. The need for a chemist 
is, in fact, very keenly felt, and it is hoped that Government will 
take up the question of appointing one at a very early date. 

15. The transfer of the charge of the field instruments from the 
Artist to the Curator has necessitated a considerable amount of 

labour on the part of both Mr. West and Dr. 
Krishnan, in rearranging and renumbering. 
The work of the Curator has steadily been increasing during the last 
few years, so that at present his time is fully occupied with the routine 
duties connected with the post, leaving him no time for chemical 
work to reduce the inconvenience earned by the loss of our Chemist. 

16. During the year, the number of specimens referred to the 
Curator for examination and report was 630, and assays, quanti¬ 
tative analyses or other special determinations 
were made of 60 of tliesc. The corresponding 

figures for 1932 were 385 and 44 respectively. The quantitative work 
included assays of ores of copper, silver, gold, chromium, iron and 
vanadium, and analyses of bauxite, cement slags, limestone, dolerite 
and coal and special tests of clays, sands and ochres. 


Instrumenljt. 


Determinative work. 
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17. Presentations of Indian rocks and minerals 
utIons*etc?^ Justit- i^^ere made to the following institutions during 

the year under review:— 

1. The Sedgwick Museum, Cambridge, England, through Dr. 

A. Harker. 

2. Tlie Secondary Training College, Bombay. 

3. The Dopartmeni of Chemistry, Aligarh University. 

4. The private school of Mrs. S. A. Sarabhai, Sahibag, Alimed- 

abad. 

5. The Forest Museum, lliuoo, Ranchi. 

6. The East Indian Railway High Englisli Sijhool, Asansol 

7. The Baidyashastra Pith, Calcutta. 

8. The Geological Survey of Tanganyika, Dodoma, East Africa, 

9. The Bengal Engineering College, Sibpur, Howrah. 

10. The Raipur Museum, Raipur, Central Provin({e8, 

11. The Department of Applied Chemistry, University Collegi; 

of Science, Calcutta. 

12. The School of Higher Commercial Studies, Montreal, Canada. 

In two cases among the above (Nos. 4 and 12), the specimen.s 
were supplied at a nominal charge. In addition, the following 
specific representjttions wore made :— 

1. Beryl crystals, to Borgassessor Dr. E. Kohl, Preuss. Geolog. 

Laudesanstali., Berlin. 

2. Beryl crystals from various Indian occurrences, to Lord 

Rayleigh, London. 

3. Volcanic ash, to Messrs. Francois Cementation Co., Ltd., 

Poona. 

4. Corundum crystals, to W. H. Bates, Esq., Bum & Co.’s 

Pottery Works, Raniganj. 

5. Specimens of Jatorito, to Prof. Hermann Harassowitz, Uni¬ 

versity of Giessen, Germany. 

6. Samples of Indian coal, to Prof. J. W. Cobb, University of 

Leeds, England. 

7. Samples of Indian coal, to the Low Temperature Carbon¬ 

isation, Ltd., London, England. 

8. Specimens of lignitic coal, to Sir C. V. Raman, Indian 

Association for the Cultivation of Science, Calcutta. 

9. Specimens of coal, to A. K. Banerji, Esq., Bengal Engineer¬ 

ing College, Sibpore. 
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18. The oflftcers of the Department collected, as usual, a large 
number of specimens in the course of their work. Among these 

particular mention may be made of a fine beryl 

Additions to colled- crystal measuring ten inches along the vertical 
ions of the Depart- . j \ j • i.* ii. 

ment. Q'^cis and eight inches across, and weighing 48 lbs., 

collected by Dr. P. K. Ghosh from the L. N. 

mica mine, Nellore ; and stalactites of rock-salt from the salt mines 

at Khewra and Warcha, Punjab, by Dr. L. L. Fermor. In addition, 

the following Indian specimens were received and incorporated in 

the collections of the Geological Survey of India:— 

1. Refractory bricks (firebrick, chrome, magnesite, lisil and 

claysil), presented by Messrs. Bum & Co. 

2. AUanite from Kurinjakulam, Tinnevelly district, Madras, 

presented by Mr. V. S. Sambasiva Iyer. 

3. Vanadifexous iron-ore, from Dalma Hill, Singhbhum, presented 

by the Bihar Mining Corporation. 

4. Beryl from Vadesamudra near Bangalore, presented by 

the Mysore Geological Department. 

5. Silica brick converted into tridymite, presented by Dr, E. 

Spencer. 

6. Ornamental objects made of salt, from Kalabagh, Punjab, 

presented by Mr. E. R. Gee. 

7. Transparent barytes, from Balpalapalle mine, Kumool dis¬ 

trict, Madras, presented by M. R. Ry. B. P. Sesha Reddy 

Gam. 

8. Fuohsito-quartzite from EaswarahalH, Kadur district, My¬ 

sore, presented through the Hon’ble the Political Res¬ 
ident in Mysore. 

9. Sheared coal from Sisneri Khola, Nepal, presented by 

Mr. H. M. Sale. 

10. Alunogen from Cuddapah district, Madras, presented by 

the Director of Industries, Madras. 

11. Graphite from Pedakonda, East Godavari district, presented 

by the Collector of East Godavari. 

A fine collection of geodio minerals, zeolites and calcite mostly, 
from the Deccan trap at Bombay, was purchased from Mr. 
J. Ribeiro, and added to the collections. The following foreign 
specimens were also acquired :— 

1. Cassiterite from Mwirasando tin-field, Uganda, presented by 

Miss J. H. Robertson. 
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2. Quartz crystal from Tibet, presented by Mr. J. Van Manen. 

3. Tourmaline crystal from Tibet, presented by Mr. Dbanbir 

Singh Khattri. 

4. Eight specimens, consistmg of manganese-ore, associatovl 

saiidstonti and the underlying decomposed granite, from 
Nicopol, Kepublie of Georgia, II. S. S. K., by exchange 
■VMth Professor Loewinson-Lessing, Leningrad. 

5. Malachite fxum Kaml)ove mine. Belgian Congo, and chryso- 

tilo asbestos from Gaths mine, Masha ha. Southern Bho- 
desia, from the pnvale oolleidions of the lute Sir Henry 
liaydon, through tlie comiesy ol Mr. A, A. Vlusto. 

19. In tl'.e Laboratory of the Uangoon offici' Mi'. L. It. Sliarma 

continued his duties as Chemical Assistant io tlu' Burma Circle. Up 

„ „ to the end of October, 1933, 78 siiccimcns wore 

Raiujoon Office. . , , i. r i • i, 

lecHUverl and rciporied upon, out ol winch 34 

were quantitatively determined. The .sjiecinwms examined included 

a. variety of rocks fiom Mogok, sands and c.kiys Irom the Pegu Yomas, 

limestones, ]ca,d-or(*s and leputed gold-ores from the Shan States and 

reputed gold-ores from the Katha district. 


PETROLOaV. 

29. As d result of a hasty visii io f^avagad lIilJ in I99r) whilst, 
e.xaminiiig the maiiganesii-ore deposits ol the Pnn<‘.h Mahals, I con- 

Pavajjad Hill, Fanch fi'ibufed a ]»aper on th(‘ Iava.s eoustiluling this 
Mahals, Bombay Pres- hill, dcsc.rihiiig lliom in agreiuueut witli tlie 

view that this hJoc.k, first visited by W. T. 
Blanford, was an outlier of the Ueci'an Trap foniiaiion • Some tovo 
or three years ago, howi^ver, tlu' view was advanced tliat Ihi.s lidl 
marks the site of a volcano oi the central tvpc an<l that the summit 
ihyolite is the core marking the c.entral vent of the volcano.''' 
Accordingly I asked Ur. Heron sjiecially to le-e.xamine Pavagad 
Hill wdth this possibihty in view, wrlien an opjiortimity should arise 
in the course of his insjiection duties. 

Accordingly, besides examining the locks of the ChamjmnPr 
series (see page 2b) iu North Bombay, Ur. Heron akso re-examined 

» Bkc. Gfol. 8vrt. Ind., XX XIV, pp. US-U.C, (IhOfl). 

* This ■viev has found exprosHon in a j>apcr Ity Mi. V. 8. Duhoj icad lioffirc tlic» Jnrlian 
Science Oongiess at Poona this January {ldt}4). and aleo in I’rofcabor K. K Matlini’.s 
Presidential Address to the geological section of the Congress. 

O 
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Pavagad Hill. Dr. Heron reports that Pavagad Hill is an outlier 
o£ Deccan trap, exposing a thickness ol over two thousand feet of 
basalt flows, resting on a platform of ‘ Nitnar sandstone ’ (Bagh 
bods), which in its turn lies unconfoimably on Aravalli (formerly 
called ‘ Ohainpanor series ’) phyliites. The basalts and tko sandstone 
have a gentle northerly luchnation, so that the sandstone appears 
only at the southern base. The basalts are capped by a single flow 
of rhyolite, which is considerably thicker than any of the basalts. 
The abundant blocks of rhyolite, often of great size, which strew the 
gentler slopes, are all derived from this, the only ihyolite. Its base 
is well exposed, restmg horizontally upon a few leet of soft, earthy 
red rock, which may cither be tuff, or ‘ moorum ’ (decomposed 
trap) ropresentmg an old land-suiface. This has in places been 
caved from below the rhyolite, exposing the horizontal base of the 
latter lor some feet in, and proving that it is not a plug. Down¬ 
wards this lod rock passes into more coherent, but still soft, green 
rock. Additional proofs are in the horizontal fluxion sti’ucture, and 
the vortical jointing of the rhyolite, which starts fiom both upxier and 
lower Buifaces, and divides the flow into rude vertical monoliths. 
This join! mg is not continuous from toxi to bottom, but 
leaves a central jioition in which the jointing is Bjiaiser and loss 
regular. The position ol the rhyohto, lesting on a much more easily 
eroded layer, lias made it liable to denudatton, but it is extremely 
I’csistant against dccotnpobtiion. The hard angular blocks stiewing 
the base ol the hill show a little diffeiential ciosion ol the fluxion 
layers, but the lock is very resistant to atmosx)heric weathering, and 
it IS the joints, and nut the fluxion la^^eis, along which it breaks ujj. 
The pioscnce of th(i ihyolite is the factor w'hich has preserved this 
isolated outlier from removal. 


PAL/GONTOLOGY. 

21. Mr. D, N. Wadia acted as Palasontologist throughout the year. 
X. K. X. Aiyengai. Pield Collector, assisted the Palajontologist 
m routine Museum ’work and in th<' determination ol Bjiccimens. 
When he was on leave these duties were attended to by M. S. 
Venkatram, Museum Assistant, in addition to other routmo work.' A. 
B. Dutt, Field Collector, completed the cleaning, relabelling and 
rearranging of the Khpstem collection in the Invertebrate Fossil 
Gallery. 
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22. During 1933 tlio following memoirs have been published in 
the Palaeonioloffia htdica :— 

(1) L. F. Spath: ‘Revision of the Jurassic Cephaioj)od Fauna 

of Kacch’, Part VI of Memoir No. 2, Vol IX of the 
New Series. 

(2) F. Baroix Von llueno and 0. A. Matley: ‘ The Gretacoous 

Saurischia and Ornithschia of the Central Provinces of India’, 
Memoir No. 1, Vol. XXI of the Now Series. 

(3) E. L. (I. Clegg : ‘ Echinoidea of the Poisi.nj Gulf’, Memoir 

No. 1, Vol. XXII of the N(iw Series. 

The following papers of jialfrontological interest have ap})oarod 
jU the Re -ords - 

(1) ‘ Stratigraphic Signillcanee of the Fusulmids of the Lower 

Produetus Limestone of the Salt Itango’, by Carl O. 
Dunbar (Vol. LXVl, Pt. J). 

(2) ‘ Dadoxylon zalehskyi, a new species of Corduitean I’rfxis 

fiom the Lower Condwanaw of India’, by B. Salmi 
(Vol. liXVI, J’t. 4). 

(3) ‘ A Fossil Pfuitalocular Fiuit from Pondicherry, South India’, 

by B. Salmi (Vol. LXVl, Pt. 4). 

( J) ‘ Anthracohthic Faunas of the Southern Shan States’, by 
¥. R. Cowper Reed (Vol. LXVIl, Pt. 1). 

The ioliowiiig ])a])ors of ])ala3ontological interest are in the Press 
and arc expected to be published in 1934. 

Palai'onlologia IviMca. 

(1) L. F. Sjialh : ‘The Jurassic and Cretaceous Ammointec 

and Belemmtes of the Attock Distiict’, Memoir No. 4, 
Vol. XX of th<} Now Series. 

(2) F. R. Cowjier Reed : ‘ Cambiian smd Ordovician Fossils 

Irom Kashmir’, Memoir No. 2, Vol. XXI of the Now 
Seru’s. 

23. Some mammalian bones, colhicted from a coal seam in the 
Kathmandu valley, Nepal, were sent to this Department by the 

British Envoy at tlie Court of Nepal, for 
Vertebrates.. examination. The collection. though frag¬ 

mentary, imdudexl one bovid horn-<!ore and a hirge limb-bono. The 
horn-corc was dospabihc.d for examination to Dr. C. E. Pilgrim, who 
IS now (Uigagod in the revision of the Indian Cavicoruia fauna. 
Tho large limb-bone, which was susiiocted to be a humerus of 

c 2 
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Baluchithit) turn, a giaat rhinoceros of Oligocene-Miocene age, was too 
imperfectly preserved for definitcj identification. However, on com¬ 
parison it was found to resemble closely the left humerus of Elcjthas 
or an alliecl extinct genus belonging to the family Kb^pliantidae. 

In the course of his field work, Mr. II. M. Lahiri made a colleetioii 
of vertebrate fossils from Flari Tala-yangar (31^’ 32': 7G° 37' 30"), the 
famous fossil locality in the Bilaspur State, Bunjab. The collo(;fiou 
includes a few specinmns that were purchased from the local peojiki. 
The specimens, which were all obtained from the Middle Siwalik 
beds, have been provisionally identified by Messrs. Lahiri and 
Aiyengar as Dryopitheciis punjahicus, Bilg., Mastodon sp., Sivaonyx 
bathygnathus (L 3 ''d.), Potamothenum (f) hasnod, Ihppaiion 

punjabiense, Lyd., Anthracotlbenum {M'iciobunwlon) sdiaf.fensc, Pont., 
Dorcatherium sp., Hydanpif/n num vicgae^pbahini, Lyd, Truqocd-ds sp , 
Viv^rra sp. and a few anielopiue preraolars. 

At Malgin (33° 19' 30" : 71° 31' 30") in the Kohat district. North- 
West Frontier Province, a further (jollection of fossil fish was 
obtauied from the thin shaly bands that aie int«irealat(‘d in the 
gypsum at the top of the Salt Marl. These have been sinit to Hr. 
E. T. Whii^c of tlie Natural Hist.ory Museum, South Jvensinglon, 
Jjondon, for examination and des(;ri])tion. 

T)r. U. A. Matley, who <5on<iu(itod tlu? J’(M'oy Sl.wh'ii Trust. <"vpcd- 
ition for the search of reptilian fossils in the Oentr,d ProviiH.es, 
and was assisted in this work by Mr. A. M. N. (fhosii, lejiorts tha,t 
he obtained from the Lameta dojiosits of Jubbnlpoie on the sloptis 
of Chhota Simla Hill, about a hundred ami lort^' fossil bones, consist¬ 
ing of teeth, skull, bmb-bonos, vertebrie, etc., belonging to the 
sauropoil and thoropod dmosauriaiis. He is of the ojunion tli.it 
in this collection are included hitherto unknown parts ol the an.itoiny 
of dinosaurs. Ho also behoves that it is probable that all of the 
sauropod bones belong to a singhi individual, a cu-cunist.ance wliicdi 
may help us to obtain a fuller knowledge of the size and sha[)e of 
individuals belonging to the species. Hr. Matley mentions four now 
localities for fossil reptiles in South Rewah, namely west of Munda, 
south of Maliagura, near Uhiinghuti on the Kachodar road, and 
south-east of Lakhanpura, from all of which dinosaur iau remains 
were collected. In addition, he collected fragmentary limb-bones at 
Amakhoh. 

A visit was also paid to Pisdura in the Chanda district, where 
besides dinosaurian remains, a fish vertebra and a largo number of 
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fragments of a chelonian carapace were obtained from the surface of 
plouglied fields. Associated wth these were abundant freshwater 
gastropods- -Paludina, lAmnaea, Bullinus, elc., (iharaoteristie of 
Intertrappean beds elsewhere. 


24. The re-arrangement of the whole collection in the Tiiva:r- 

tehrate gallery has been completed; all the* fi<i]d colle(itiorixS as well 

, ^ ^ as the du])licato collections aie now arrange<l iii 

In\cdebra1eg. , , i • i 

stratigraphic order. 


A collection of prepared specimens ol Upper Cretaceous and 
Eocene limestones and marls from North-W(ist India, containing the 
smaller foramimfera, has boon .sent on loan to Mr, Dale Cojubt ot 
California Univoisity for study and comparison with mim-o-protozoa 
obtained from diill-corcxS of borings for pidiohtuiu in th<} Bahrein 
Island, Persian Gulf, by the Standaid Oil Company. The results of 
this examination arc likely to be of eoiisidmable value for strati¬ 
graphic iiurjioses. 

l>r. Matley and Mr. A. M, N. Ghosh iound an abundance of fri'sh 
water Ibiionidu* m the Lamcta scarp north of Amakhoh, Jubbuljiore 
district. According to Dr. Matley this is the finst find of molluscs 
in the Lameta.'^ of Jubbulpoi’c district. Freshwater Intertrappean 
molluscs such as Paludina, Lirnnaca^ Bidlnius, etc., wore also dis¬ 
covered b'y th(mi at a iiiimhor of Jiitherto nnoiconled localities, 
(‘specially east of Binaora, Jtftwah Sta(.<n 

Dr. M. Jl Sahui rojiorts the dis<5overy of several new Middb^ 
.Tura.s.si<5 (Bathouian) fossil localitcis in th«i Noilheiii )Sliaii States. 
The most impoitant one is situat('d about half a mile ea.st of Kongnim 
{23° 45' : 97° 55' 30") and another about a mile south-e.ist of Kawng- 
hka (23° 50' 30" : 97° 59'). Q^his child iiiteiesf. lies in the presence 
ol prolific lamellibranch faunas at^ both lliesc localities. So far, 
practically no Bathonian lumellibranchs h.ui' Ixu'u described from 
the Northern Shan States, tlui faunas consisting mainly of the Brach- 
iopods Burmn'hyr}cilia and iJoliolhy)t,s. Jfotli these ginieia have 
been found at Kongnim associated with lamellibrauchs, but they 
are absent from Kawnghka. Among the species identified are Burnii- 
rhynchia namtuenhis, Buckman, B. irregularis, B. senelis, B. shanensis 
B. hpalaicnsis, B. namyuensis, B. depressa and Holcothyris pinguis, 
H. expansa, H. uiigulata, as well as new species of Ilolcothyiis and 
Burmirhynchia. The lamellibrauchs belong to the genera Leda, 
Nucula, Mytilus, CrassatelUtes, Aslarte, Thracia, Pecten Ostrea and 
Lima. 
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Another intoroniing find is a FumHnid, 2 )robably alliofl to Schwag- 
ertna, from the Plateau JAmostono. 

Reference was made in last year’s report to the collections of 
ioRsWs obtained by Mr. Y. ?. SomUii from the Southern Shan States 
and sent to Dr. V. K. Cowpor Reed of Sedgewick Museum, 
Cambridge, for examination, Dr. Cowpor Reed has since re])orted 
that there is sufficient material for a memoir in the Palaconiolofiia 
Indica. He has, howev<ir, })een n^quostcd to defer the preparation 
of such a memoir until he has (examined further fossil collections 
obtained by Mr. Bondhi dining ihe past field season from an area 
adjoining the one from which the previous collections were obtained. 
These collections, which come from 12 localithcs, have been registered 
in the Rangoon Office and have been forwarded to Dr. Cowpor Reed. 

The collections made by Mr. R. N. Mukerjoe from the Bagh beds 
of Jhabiia and Ali Rajpur States in Central India are noticed on 
page 71. 

25. The interesting collection of })]ant fossils (iollected by Mr. 
N. K. N. A’yengar of this D<ipartm(mt in the Pansora area, South 
^ Rewah, has been sent to Prof. B. Sahni 

of the Ijiicknow Umversitv for examination. 

■/ 

Prof. (Sahni has continued his icsearches on the post-Condwana 
flora of India both on imateiial supplied irom this Department and 
that collected by himself, the results of which are to be incorporated in 
his forthcoming monograph on the fossil monocotyledons of India. 
Interesting results have been obtaiiasd irom a detailed study of the 
silicilled flora of the Deccan Intertrappenn beds of tlie Xagpur- 
Chliindwara area, winch, according io Piofessor Sahni, lend support 
to the view' that the lieds may be of Eoiauie and not of Upper Cretac¬ 
eous age, the affinities of the flora as a whohs b(ung decidedly Tertiary 
rather than Crct.aceous. Such a view, is, of course, ojiposed to the 
general view that- tlie ma.in jiorlion of the Deccan trap is Maes- 
trichian and Daiiian in age, as judged from the marim^ and fresh water 
mollusca which abound in some of the intincalated sediments both 
in the Peninsular and oxIra-Peninsulac area. The main features of 
the Intertrappean flora are : a veiy inaiked preponderance of palms, 
a group of which appeared first in the Cretaceous, but gained enonn- 
ously in importance during the Tertiary; the occurrence of Nipa- 
dites, a genus more typical of the Eocene than the older system; 
and the occurrence of an undoubted species of AzoJla in some chert 
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blocks collected by Mr, H. Crookshank from the Sausar talisil of 
Chiindwara district. The only previous fossil record of this genus 
is from the Tertiary of the Isle of Wight. 


The Department’s collection of the Indian fossil monocotyled- 
onous flora, consisting ot some 63 species of petrified stems, fruits 
and leaves, is being investigated by Dr. Sahni and he finds it possible 
to make some g(meral observations thereon. The great majority 

of these fossils consist of petrified steins and thus cmr knowledge 

ot the fossil monocotyledons is chiefly based upon the auatoni> , 

this is satisfactory from the point of view of specific determinations, 

but, on the other hand, owing to the scarcity of leaf-impressions 
our knowledge of the habit of these plants remains meagre. Perhaps 
the most striking feature of the Indian fossil monoeotyhKlonous flora 
is the gicat preponderance of palms, tlio only other families yet 
definitely recognised being the Dramineae and the Zingiboraoeae. 

During a visit to Jatta (33*^ 18' 30": 71° 17' 30"), Kohat district, 
North-Weat Frontier Province, Mr. E It. Oee found well-preserved 
fossil leaves, probably of dicotyledonous type, in ceitain thin bands 
of soft clay and sandstone that are mterstratified with the grey rock- 
salt of the salt quarries of that area. From tlie red marl associated 
with the rocksalt and topmost. gy]).simi, he obtained a number of 
foramiuifera. 


20. During the year under r(‘view, presentation of fossils were 
Donations. made to the follov.'ing institutions : 

(Heological Survey of the Dutch Eaul Indies, Bandoeng, Java. A 
collection of voitebrate and invtirl.ebrate fossils. (By 
exchange). 

(Seological Survey, New South Wales, Dcpaitnient of Mines, 
Australia.—Some> Peimo-Carboniferoits fossils from th<i 
Salt Kange, Punjali. (By exchange;. 

Vaheontohgical Museum, Munich University, Natural History, 
Geology and Palaeontological Departincnt, Vienna University', 
American Museum of Natural History, New York', Peabody 
Museum of Natural History, Yale University, New Haven, 
Connecticut ; National Geological Survey of China, Peking. 
Small collections of fossil corals from the Jurassic beds of 
Kachh, Western India. 

Osmania University College, Hyderabad, Deccxin. A repre.sent- 
ative collection of fossil vertebrates, invi i*tebrates and plants. 
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University of Liverpool^ Department of Geology. —A small colleo- 
tion of fossils consisting of vertebrates, invertebrates and 
plants. (By exckange). 

Judson College, Rangoon University, Rangoon—Bomo fossil 
plants from tbe Gondwana formations. 

Geological Survey Department, Tanganyiha, Dodo'ma, East 
Africa. —A representative collection of vertebrate, inverte- 
biate and plant fossils of India. 

Bengal Enginecnug College, Sibpur. —Ab()Ut eighty fossils con¬ 
sisting of vertebrates, invertebrates and plants for educat¬ 
ional purposes. 

During the year donations of fossils or casts of fossils were 
re(5eived either by exchange or by presentation from the following 
institutions or persons— 

University of Liverpool, Department of Geology. —A collection of 
Ordovician and Silurian graptolites of England. (By ex- 
chairge, through Prof. H. H. Reed). 

Royal School of Mines, South Kensington, London.— Palajo- 
zorc and Mesozoic invertebrate' fossils of Europe. (By 
exodinge, through Prol. Moiley Davies). 

Geological Survey of the Dutch Mast Indies, Bando&ng. Java. —A 
collection of vertebrate and invertebrate fossils. (By 
exchange). 

Geological Survey, New South Wales, Department oj Mines, 
Australia. —A small collection of Permian fossils. (By ex¬ 
change, through Mr W. S. Duim). 

Mr. E. Goodwin, Superintendent, Northern India Salt Revenue 
Department.- - A number of Lower Siwahk fossils from Mal¬ 
gin, Kohat district, North-West Frontier Province, 
including a portion of the jaw of a rhinoceros 

STRATIURAPHY, 

27. In the Panch Mahals district and Rewa Kantha States, 
W, T. Blanford^ has described the metamorphosed sedimentaries 

east of Pavagad Dill under the local name 
pane? bS * of the Champaner beds, leaving the question of 

their geological horizon open. Dr. A. M. Heron- 
in 1917 suggested that the nearest analogue of the Delhi system 

Mem. Qeol. Svrv. Ivd., VI, pp. 189, 202 (1869). 

•Op., «•<., XLV. Pt. 1, p. no, (1017). 
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is the Champaner series. Dr. Heron’s examination of the Champaner 
rooks this year has shown that this suggestion is untenable, as they 
have no particular resemblance to the rocks of the Delhi system, 
but are lithologically identical with the Arav'^allis of llajputana, 
with which they have in fact been proved by Dr. Heron and his 
party to bo continuous. 

1 have myself in the past given some attention to the nomen¬ 
clature ol these ancient rock senes, and in the course of my study 
oi the nianganese-oie deposits of Jntlia was led to conclude iii IbOU 
that^ ‘ the senes that have received the following names, arrangi'd 
in order of piioiity, are roughly c()ntem})oraneous; (Jhampaiu'r 
(l8G9), Aravalli (1877), Ohilpi Ghat (1885), Dharv^ai (1880), ami 
portions of the motamorphic and crystalline complex®^ of the Nagpur 
and Balaghat area, Central Broviuces’. 

Comerning the use ol these terms 1 wrote as follows (lov. cU.) 

‘ With logaid to tlie niu'htioii as 1o winch kim ib to to adopted in ])iclcrt*iic(* 
to tho othc'ib, it IS obvious that iu\ mdmg to tin mlcs ot jnioiity the tcini < 'Inimpnitfr 
should he used. This. Iiowmcj, is the uanie lhat has boon tlie least usi'd of all, 
whilst that whicli has been extended to the laigest niiiulai of areas, has passed 
into niobtgi neial use. and is known liest to geologists utul miners, is thi' term 
DhanivJ, the familtai i(v of tlu uainr' lieiiig laigt.lv due to the lac't tliat th(‘ .lunfer- 
oiis veins oi ]\Iyf-ore au‘Mtiraled in Uie rocks to u'liieli fins name was origmally 
given. 8ince, however, the stiiet contrmpoianr'ity oi these in \ajious pans of 
India has rsot anrl nevei can lu' piocrd, partly because thi'y are feiliian d in isolalr-d 
aieas and partly hi'cause it dor^s not s'cun ])rohabl(' lhat thc‘ sedirmuitation in the 
diikient areas can Ii.ivt staitr 'I .ind hiusbed at exactly the sarnt* ptuuls of grarlogieal 
time, It will prohahlx' always he (onsideietl pjcft’.dle to ( rnplo^ tlie ior al names 
w'lth a geiicial nndcistandmg as to tlu ii lougli erpiualcuice. WJien, liowevru, it is 
desirable to treat the rocks of the cfiilcKurt aieas as a wiit>]e, rt will he hr-ttc-i to 
use the most familiar of the Iota) names, namely J)luinvar,m preferc'nee to that 
w'hieh has piiouty on lis side, Imt happens to hi the lia'-t gentialJv known of all 
namely ('lunnpaitt > 

It is veny salisLudory Ouii Dr. llciou has now bcou able to jirove 
dciimtoJy by continuous inajipiug tho oijiuvaloiicc* of two of these 
series, nanndy the AravaJlis and tho C'hampanors, and in Jiccordanco 
with the reasoning of tho iiaragra}ih quoted aliovo, 1 agree with 
him that the toim CJuimpaner can now be disisarded as a local term 
m favour of Arcualh throughout Kajputana and North Bombay. 

The detinite proof of this equivalence is particularly important 
as enabling us to effect a measure of correlation between the old 

1 Mem. Geol. Surv., Ind,, Vol. XXXVII, p. 28a, (1909). 

*Now known as the Sausar series. See Bee. Qeol. Surv. Ind., UX, p. 78, (1926). 
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rooks of Raj])utana and ancient schistose formations elsewhere in 
India from whi(ih Kajputana and North Bombay are separated by 
the main tracit of the D(K!can trap formation. The Champaner 
rooks of Gujarat and the Aravallis of Jhabna both contain mangani- 
ferous rotiks, which I have long regarded as probably contomporane- 
ous with the gonditic rocks of the Central Provinces and Gangpnr, 
forming a part of what we now term the Sausar scries ; and as the 
map])ing of Dr. Kiishnan in Gangpnr State has 8ho^vn the 
position of th(? Sausar series with respect to the Jron-ojxi series ol 
Smghbhiim, we aie now wrell on the way to being .able to effect a 
satisfactory correlation of the Aiavalli rocks ol Bajpntana and 
North Bombay with the rocks of Dharw^arian type in the Central 
Province,s and Chota Nagpur, assuming that it is safe to utilise the 
manga,niferous loc.ks as a stratigraphical datum line in the Archaeans 
having the same impoitance as characteristic fossils higlier in the 
stratigraphica,! sisquence. 

28. In the Annual Report for the year 1931', it was stated that 
Mr. I) N. Wadia w'^as able to prove on the evidence of fossil 

trilobites that the thick series of slates occupy- 

^^Kaslimir mountains between th(^ 

Kishenganga and Middlemiss and Bion’s area 
in the Sind valley of North West Kashmir is of Cambrian or Cambro- 
Silurian ago. Tlie whole of Mr. Wadia’s collections from this slate 
zone were sent to Dr. Cowjier Reed for his examination and descript¬ 
ion. The results of Dr. Reed’s study have been received .and they 
point unmisiakably to a Middle and Upper Cambrian age for the 
fossils from tlu! slate bolt. Dr. Reed has identitie<l IG genera of 
tiilobites and seven of brachiopods, the majority of the genera and 
almost all the species being new" to India. Tlio most interesting result 
of Dr. Reed’s identification is th.at there is little resemblance to the 
faunas of (;orresponding ag<5 in the Spiti region of the Central Hima¬ 
laya, in the Sait Range, or with the little knowm Cambrian faunas of 
P'ersia and the Dead S(ia, but there are several noticeable links with 
the Cambrian of French Indo-China, One of the most remarkable 
^^cciurences is that of the genus Tonkmella found previously only 
in Tonkin. 

The Cambrian system as developed in North-West Kashmir shows a 
very full development, aggregating 7,000 feet in total thickness of 
deposits. This is the first recorded occurrence of marine Cambrian 

» Bee. Ced. Bvrv. Ind., LX VI, y. 122, (1032). 
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floposits on the south of the main crystalline axis of the Himalaya. 
From the poini. f)f view of Himalayan stratigraphy, however, the 
chief interest of the present area lies in the relation of the Parana 
slate zone of the middle ffinialayan ranges with the fossiliforous 
Carahrian. Clear evidence of a conformable, if not a gradual or 
transitional, passage of the iinfossilifcrons slates into beds bearing 
annelids and other indubitable organiif remaiiLs, and of those again 
into strata containing tnlobites and brachiopods of Middle Cambrian 
affinities, has been olitained by Mr. Whdia in a number of sections 
along th<‘ oub'r margin of the marine Palaeozoic basin of lliindwara ^ 


FXONOMIC ENQUIRIHS. 

Anliniony=orc. 

29. In a traverse across the Pmdya. range, Mr. Sondhi saw some 
old workings for stibnite just to the south of Miuie-tumig village 

(20'^ 59' : 96° 37') Tlie mineial oc,c,urs I'.lose 
to the surlacjo, apparently in a north-south 
vein in a highly aigillaccous limestone which 
weathers into soft yellow clay m clusters of aciciilar, radiating 
cr}’’stals. It was worked in a small way many years ago.- 


Siniibbliutn, 
and Orisi>a. 


Riliar 


Apatite. 

30. (kmtimiing the survey of the coppir belt south from Musha 
bani mine, Hi. ])imn visited the magnetite-apatite deposits at Bailia, 

Bhadiui, Kanyaluka, Sunrgi, and Khejurdari 
m Hhalbhimi, cxamhusl by me some years ago 
when they were being worked by the Creat 
Judiau Phosphate C()mpan}^•^ The mmiiig ol these deposits has since 
t.ompletely ceased. 

Hr. Dunn’s systematic survey has demonstrated tho close relation 
of those deposits to outciops of tongues of soda-granite which 
ascended along tho thrust zone in Singhbhiim. With the sulphides 
these apatite lenses show a zonal deiiosition: along the strike ol the 
thrust zoii(< apatite deposits are found close to or witliin granite. 


1 Op. cU., pp. 122-12,3. 

2 J{ec. OfoL Hmv. Ivd., LXVII, p. 242, (1933). 
» Op. ctt., L, p. 14, (1919). 
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whilst sulphide deposits may be several miles from any known granite 
outcrops.^ 

The apatite and magnetite are now regarded by Dr. Dunn as 
having crystallised from definite melts and not, as previously thought 
by him, by reaction of solutions with the * country ’ rook.^ The view 
adopted by mo some years ago was tliat the magnetite-apatite-rocks 
might have been expected to be igneous introductions analogous to 
the apatitic magnetite ore-bodies of Lapland, but that the facts would 
be better explained by ri'garding these rocks as due to pneumatolytic 
introductions from the Singhbhum granite.-'’ 


Asbestos. 

31. Dr. A. K. Dey reports the occuirence of asbestos apparently 
resulting from the alteration of basic and ultra-basic rocks of the 

Dahlia suite at localiti(*,s aliout half a mile 

.hSi'mI""’ LipkMha (22° 2r ,'; 86° 30'), uortli- 

east and 1| miles east of Mahespur (22° 23' : 
86° 30'), and li miles west of Chirutanii (22° 24': 86° 34'), in 

Dhalbhum. 

Barytes. 

32. Mr. Sondhi reports the occurrence of barytes in the south¬ 
eastern ridges of sheet 93 C/10 at two jilaces in the Thitteikyan 

lieds, one about 11 mik^s L. S. bh ol hill 5,098 le<‘t 
Burma***^”* Shan Slates, another hall a mile south west of hill 5,028 

bet. At each place the outcTO]> is liom 12 to 15 
feet long and from three to five feet wkle. 


Bauxite. 

33. Dr. Sahni reports the occuirence of a small outcrop of a 
pisolitic residual rock on dolomites ol the I*lateau Limestone near 

the Palaiing village of Pangnim (23° 33' : 97° 
Bunim."'” bioTthern Shan States. The following 

is the average analysis of several specimens :— 

Per cent. 

81 O 2 .33-19 

AlaOj.32-67 

Fe^Oj.15-81 

^ The lough zonal (h.stribution of these and some other ore-dei)osit 8 in Ringlihbnm 
■was discussed by me in ‘Some Piubiems of Oie G'enebis in the Archaean of India’, J-’rve. 
As, 80 c. Beng., (Neiv Senes), XV, pp. clxxxviii-cici, (1919). 

• Rcc. Oeol. Surv. Ind., LXIII, p. 28, (1980). 

» Op. eit., L, p. 16, (1919). 
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Wlietlier thi« is to bo regarded as a ver>’- siliceous bauxite or a 
pisolitic aluminous clay depends on whether the silica is in the free 
or combined condition. 


Ncllore district, 
Madras Presidency. 


Beryl. 

34. Beryl is a mineral occuirences of which are always worth 
recording cither from the economic or the scicntiiic point of viiiw. 

i^conomically the minm’al may be of use eithei 
as a gemstone o! as a soui’iMi of Ixiiyllium 
for In^ryllium alloys. Scumtitically beryl may 
be of use as an indicator oi the minimum age ot th(' containing 
rook. ^ 

It is for the last reason that one may mention the ocouirc'uce, 
noticed by Dr. F. K. Ghosh, of small quantities of beiyl, too greatly 
cleaved and fractured to be used as a gemstone, Irom some new 
localities in the mica licit of Vellore, viz., trom the I'alliiuita, and the 
Virabhoga and Rustum mica mines. 


Sinithbliuin, 
and Orissa. 


Bihar 


Building Materials. 

35. In the neighbourhood of Dhalbhiinigarh stalion, DlialbJium, 
a pebble bed, whuh forms tin' base of a gioiip nf sec lime,)its re- 

g.iided by Dr. Dunn as ol late 'I'eriiafy ago 
(see page tf3), has Ixiou (nvliaisively (|iiaijje<l 
for many years aiul used as lailway ballast. 
South of the same station massive white (iiiartz veins in a belt of 
mica-schists are being quarried for road metal. 

36. Dr. A. K. Doy reports that the jiriiu ijial sourci; of Iimc' in 
Dhalbhmn is kanjear which oiaiurs on tlie surl.Kx^ of the lion-nio 
series. Occasionally, how'over, a kind of calcareous tula, usually 
containing a net-work of tubes, is iound in the crevices of (juartzite 
or as an incrustation on it. The supply is limited. 

The deposits are locally known as ashurhar^, miiaiiing demons’ 
bone. The deposit near Baaadera (22° 40'; 86° 30'), leeordi'd ]>y 
Ball''*, has been nearly worked out. In course of his wm k in Dhalbhiim 
Dr. A. K. Dey found two other deposits of such tufa in the 
quartzite cropping out in the nalas to the north-west of Bakrakocha 


^ Lord Rayleigh. 

* Ball, Mem. Geol. Svrv. Ind., XVllI, p. 49, (1881). 

• loc. c%U, p. 88. 
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(22® 24': 86 ° 30') and IJ miles north-west of Khojurdari (22° 24'; 
86 ° 33). The supply is very limitod. 

37. Mr. P. N. Mukorjoo reports the occurrence of well-cleaved 
and fine-grained phyllites and slates, in abundance, in Jambughoda 

State, Paiich Mahals district. These rooks, 
Jambughoda State, belong to the Aravalli (Champaner) series, 

are very well developed between the old tort 
of Narukot and the village of Jaban (22° 24': 7:f 41' 30"), on the 
Shivrajpur-Jambughoda road, and might afford good roofing slates. 

38. Mr. P. N. Mukorjee also reports that the Infratrappean 
gritty sandstone, near Nathkua village ( 22 ° 26': 73° 35' 15"), south¬ 
east of Pavagad Hill, contains innumerable, 

Mahals* B^ombay ****”^** quarries from which came building stone used 

in the old city of Champaner and the extensive 
fortifications of Pavagad Hill. 

39. The Tawng Peng ^aiiite is, so Hr. Sahni reports, locally 
used as a building stone for bridges and wells. Nearly all the 

bridges in the granite area are constructed 
Bimna***^”* Slatcs>, granite blocks; but no big quarries exist 

and the material used is, therefore, weath¬ 
ered and not very suitable for the purpose. However, when 
suitably quarried the granite should make a good building stone. 

Chromite. 

40. Hr. P. K. Ghosh was deputed to report dining the season 
on the occurrence of chromite in the Ratnagiri district. According 

to him, the deposit occins in the valley 

BonfbJy PresIdenIJy!”*'*’ 

Kanakauli village (16° 16': 73° 45'), in the 
Hevgadh taluka of the Ratnagiri district. 

The deposit occurs as a roughly E.-W. d\ ke or vein, about half 
a mile in length, with a width varying from 30 to six feet, and inter¬ 
secting the foliation of the older, prO'Cambrian, gneisses and schists, 
it is probably also of pio-Oambrian age. 

The ore-body is associated with seiqjentine which appears now 
and then at the centre of the mass. There lias been no separation 
of clean ore; instead the chromite occurs mostly as disseminated 
grains in serpentine and clUonte. Assays yield 34 to 41*58 per cent. 
Cr^ O 3 , so that unless the quality improves with depth the ore will 
not, without concentration, be of much value in normal times. 
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Clays. 

41. According to Dr. P. K. Ghosh, a bliiiBh plastic clay, found 
ouo mile S. »S. W. of Gogha (21° 41': 72° 19') in Ivuthiawar, is used 

for making casts and moulds. It is exported 
ill large quantities 4o Bombay, but no udiirns 
of its production are available. The clay 
iormation is a member of the Tertiaries exposed in the neighbour¬ 
hood of Gogha. 

42. According to l)r. P, K. Ghosh also, there is a Giiitia clay 
deposit m the now extinct Malatippa mica mine, half a mile noi*th 

of Kistania mica mine (14° 27': 79° 40'), 

MadrarPresideiicy!*^^’ Nellore distiict, Madias riesid<mcy. It reprits- 

ents a highly kaolinised p<;gin,itite intiiuied 
into quartzite, and the surface-exposure measures about 20 fet t by 
three f<’ot. The deposit may be oi local nnportance., but its 
narrow width, combined with the highly inclmod natuio ol iluj 
original pegmatite, would make its working rather dilhcult. 


Coppef'ore. 


43. On the eastern scar]) of the Pindaya rangii west ol Zaw'gyi 
village (20° 50' ; 90° 40'), Mr. iSondhi discovered a v<!in about Hirer 


Soiitlicm Sliaii bitalcs, 
Burma. 


Jeet thick, consisting mainly ol baiytos and 
calcite, but also containing small amounts ol 
malachite. 


44. During the season 1932-33, Dr. J. A. Dunn comj.)let(!d the 
survey of the copper belt, Smghbhum. Continuing south iiom 


Singbhum, Bihar and 
Urissa. 


Mushabani (Mosaboni) the old wmi'kings one mile 
to the south, at Badia, wire examined, it is 
obvious that the Badia and Mushabani deposits 


are associated with the same zone of mineralisation. The evidenee ol 


veins north of Mushabani, that is, west of Laukosra, nml those 
at Badia, suggest that west of the present Mushalfani mine 
lodes there is the possibility of a continuous mi moralised zon<^ ad¬ 
jacent to the western edge of the soda-graiiiti^ whicli Jorms the 
‘ coimtry ’ of the Mushabani lodes. This line well desei’V(‘s piospccimg, 
even if only because it would be so easily and cheaply iris'cstigatod. 

With commencement of development of the Dhobam lotlos and 
the favourable nature of these other adjacent lodes, the jirospects 
of a successful future for this mine are, according to Dr. Dunn, 
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bright—providing of course tliat i^apital and plant capacity are 
kept well witbin tbe known or© reserves. 

Bontb from Badia tbe tbmst zone, wMob bas in tbe section to 
the north been tbe determining factor in tbe localisation of payable 
lodes, gradually dies out and no copper lodes of any importance 
are found. In the granite to tbe north-west of Babaragora (Bbairagora) 
however, several lines of ancient copper workings show features 
sufficiently attractive to warrant future prospecting. 

Br. Bunn has studied both the Rakba and Musbabani ores by re 
fleeted light. He has detected the presence of a nickel sulphide 
whose properties identify it with the recently found rare mineral 
violarite. The colour is, however, ^lena-white instead of the typical 
violet of normal violarite; but similar galena white specimens have 
been described in America. In the Smghbhiim ores violarite replaces 
pentlandit© to a variable extent, and is the most abtmdant nickel 
sulphide. Another nickel-bearing sulphide, identified as millerite, 
replaces and is intergrown with pyrrhotite. 

The sequence of the sulphides in these ores is apparently pyrite, 
pyrrhotite and pentlandito, violarite and millerite, chalcopyrite. 
Minute amounts of other minerals not yet determined are also 
present. 

Br. Bunn now conclude that although the apatite-magnetito- 
rocks and sulphides belong to a late phase of mineralisation by the 
granite tongues intruded along the thrust zone, they were depositi'd 
from separate solutions. The earliest was a simple apatite-magnetite 
melt which crystallised out at high temperatures; the latest sul¬ 
phides were deposited at much lower temperatures. 

46. Mr. Crookshank reports green malachite stains on the surface 
of a breeciated quartzite cliff north of Mundanar (18® 49': 81® 46'). 

A little copper-bearing pyrites is disseminated 
Provlnces,^*'^**’ Central fjjjjQng]! this quartzite for a distance of about 

one mile. The occurrence is of no economic im¬ 
portance as the j^ount of pjnites present is very small. 

A small boulder, richly impregnated with sulphides and malachite, 
wa« also picked up on a jungle path l^ miles south of Pakanar (18° 
63': 81° 44'), but the source from which it came could not be traced. 


r 

Engliteeriitg mid Atiied Questions. 

46. At the instiuioe of th^ Corporation of Bangoon, Messrs. B. L. 0. 
gg hsid V, P. ^nd¥ reported bn the geological aspects of the 
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Gyobyu and Nyaunglabis Iiaked sohenWi wliioli i» oi the few 

The 0 oh and ^ at 9np|)lymg KangoiMi with wate® by 
NyaungJebin***^ gravity from the western slopes of the Pegu 
Mhente» Rangoon, Yomas. The two eatehment areas lie within 

the Hlaing Yoma reserve forests on sheet 04 
C/3, six to eight miles from Taijkkyi, a town about 42 miles from 
Rangoon on the Prome railway line. 


Both the catchment areas He completely enclosed within rooks 
of the Pegu series, but their geological structures differ. The 
Gyobyu catchment area of 13*1 square miles comprises the Gyobyu 
chaung and its tributaries of which the most important is the Mezali; 
and with a dam of about 124 feet in height at the site selected, 
a yield of 18 million gallons per day is estimated. 

The rocks of the Pegu series in this area consist ptmlominantly 
of shales intercalated with sandstones. In general the shales are 
well-bedded, micaceous and sandy and are interlaminated with 
thin layers of fine sand, but pure blue shales are not unknown. 
The sandstones are mostly very fine-grained with very little cement¬ 
ing material, and most of the beds seem to be consolidated by press¬ 
ure alone. Prom a fossil bed in the Ngakyi (Nagyi) chaung ^ about 
a furlong and a half upstream from its confluence with the Mezali 
chaung, which consisted of many broken lamellibranchs, a Oardium, 
together with a number of fish teeth allied to Carcluifodon megalodon, 
Agassiz, and Carcharia (Prionodon) egertoni, Agassiz, were obtained. 
A partly rolled piece of fossil wood, about six inches long and three 
inches broad, was also collected. 


In the main Gyobyu valley and the larger of its tributaries, a 
highly ferruginous deposit of rolled pebbles and grains of soft shale 
and sandstone overlies the upturned edges of the Pegu rocks, The 
bod has an average thickness of about ton feet and is strongly cross- 
laminated. It is in turn overlain by silt terraces, the remains of 
three of which exist in the Gyobyu valley. The ferruginous bed 
as well as the terrace will be totally submerged when the dam is 
built and the water rises to the intended height. 

The Gyobyu catchment area is synolmal in structure, the ideal 
structure from a water-holding standpoint when composed of an 
alternating series of permeable and impermeable rocks, such as 
the shales and sandstones of this area. 

Books exposed at the dam site range from fine-grained sandstones to 
shaly sandstones, depending on the proportion of thek sand oontent. 
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They aw ©oiwolidated by presauw and <K>ntain only clay as a cemcnfe* 
ing material, lillutziation tests on samples from them point to 
thw permeability being nej^gible md as they have a resolved dip 
upstream into the catchment area the site was considered satis> 
laciory. 

47. Iho Nyaimglebin catchment with its area of only 2*1 square 
miles and estimate yield of about 6 million gallons per day, lies 
imm^ately south of the Oyobyn area, a narrow ridge separating 
the two. It is intended to supplement the yield of the Gyobyu 
Jafce at some future date when the necessity arises. 

^e physical conditions obtaining in this area and the character 
of the rocks exposed in the stream beds are essentially the same as 
those found in the Gyobyu area, but the geological structure of the 
beds differs. The sandy shale and fine-grained sandstones of the 
Pegu series in Giis area dip persistently to the west at from 10° 
to 15°, but further west .outside the catchment area and near the 
boundary with the Irrawaddian series, the dips become very marked, 
although no change in direction takes place. Faulting is perhaps 
indicated. 

The proposed dam line of this area runs approximately W. S. W.- 
B. N, E. across a gorge whose sides are decomposed into fine sandy 
soil on the highest elevations with fine-grained sandstones containing 
partings of shaly material below. In the stream-bed itself fresh 
sandy shales with thin sand layers are seen interbeddod with 
thick beds of fine-grained false-bedded sandstone dipping 
slightly south of west at from 15° to 20°. The rocks thus have a 
small resolved dip down-stream, but as their permeability is very 
lour, Hessrs. Clegg and Sondhi anticipate no darker, providing the 
foundation is anchored in fresh rock. The catchment area is also 
considered satisfactory owing to this same impermeability, although 
it possesses none of the structural advantages of the Gyobyu 
area. 

Messrs. Clegg and Sondhi draw attention to the following points 
bearing bu the type, of dam for the proposed reservoirs:— 

(1) The low crushing strength of the rock at the dam sites. 

> (2) The fact that the foundations cannot be located on one 

hombgenotis band of strata of a uniform crushing strength. 

The area is situated in an active earthquake zone. 

40. At the requeat of the Government of India, l>r, C, S. Fox 
dented ^ Ahe site for a proposed stmage dam for an 
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irrigation reservoir in tlie Bbavani valley, near the confluence oi tlio 

Bhsvani dam-slt*, Bliavajri rivers (ir 28': 77° 6') in 

Coimbatore district, the Coimbatore district. Two possible sites for 
Madras Presidency. examined by Sir Thomas Holland 

(then Mr. Holland) as long ago as 1898, but no action was taken 
on his report. The project has now, however, been revived and 
pits and trenches have been made to record the nature of the rock 
junctions between the amphibolite and the gneiss at one of these 
sites. Dr. Fox is of the opinion that the site is geologically satisfactory. 
He recommends, however, that systematic core drilling should be 
undertaken on the river and alluvia] section of the dam site to , as¬ 
certain the nature and depth of the solid rock. He also advises 
a masonry dam instead of an embankment of earth-work. 

49. During the month of March, Mr. E. B. Gee visited the military 
encampment at Mir Ali (32° 59': 70° 16' 45"), Waziristan, in order 
Military encampment, to investigate the cause of the damages in- 
North-Wwi ^*Fron«er <5urred by the brick buildings since their cons- 
Provlnce. truction during the past two to three years. 

Mr. Gee observes that the camp is located on a low ridge just 
north of the Miran Shah road, 24 miles west of Bannu. The 
strata include steeply dipping green clays capped by a loose, high- 
level pebble bed (Older Alluvium). Cracks have occurred in the 
ground and in a number of the buildings. He suggests that these 
are due to :— 

(а) Kelative weakness of structures—small foundations with 

brick and mud-mortar superstructures. 

(б) Looseness of underlying pebble beds, which are quite un¬ 

consolidated. 

(o) Percolating water, draining over the surface of the under¬ 
lying clays. 

(d) Earthquake shocks. 

He is of the opinion that the buildings are liable to be severely 
damaged should a serious earthquake occur. He suggests that all 
heavy mud roofs and chimneys ^ould be removed and the various 
parts of the buildings braced together as much as possible. 


Garnet. 

50. Dr. P. K. Ghosh notes that workable quantities of garnet in 
crystals measuring uf to inches in dllmeter are obtainable over 

n 2 
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m a ^ijarei mUe in tiia U iialf A naie west of Kocbaa 

NtU^ diftrict. Kuiida {14* 11' : 79* 43')» Nellor© district, 

MiiMi*riild«»«r, 'Madras. Beead^ boing a constituent of tbe 

iw>Tantty‘rOtek, garnet is found in a fairly connientrated state in the 
surface detritus of the hill, so that the working of the deposit 
should bo very simple. 

Gem Mining. 

61. In the General Report for 1927 *, an account is given of Br. 
Coggin Brown’s report on the history of the ruby mining industry 

in the Mogok Stone Tract, Upper Burma. 

Alog;ok Stone Trect, ♦pliis investigation revealed the necessity of a 

detailed geological survey of the gem-bearmg 
tBIot jWora a satisfactory d^isiofi could be taken on the poUcy 
to be followed in the relation'Of this industry for the future. 

On the completion of new topographical maps on the scale of 
four inches to the mile prepared specially for the purpose, the detailed 
geolO|^oa| survey was commenced * in 1932-33 by Mr. E. L. G. Clegg 
and Dr. Narayana Iyer and the results of their geological work is 
given under ‘ Geological Surveys ’ (see page 60). 

It is desirable, however, to publish hero the present position 
regarding the grant of gem licenses in the Mogok Stoue Tract as 
summarised by Mr. Oegg. 

licenses to mine for stones in the Mogok Stone Tract are of two 
lands:— 

(1) Extraordinary licenses, which are licenses to dig for and 

raise stone® by any method. 

(2) Ordinary Hoenses, which ate licenses to dig for and raise 

stones by native methods and do not authorme the use 
of any explosive substance or machinery except as 
provided by the n|les. Under the rules special licenses 
to use itjiuachameal pum|» (gravel pumps prohibited) and 
explosives may be. issu^ to the holders of ordinary 
hcemes. " ^ 

Ori^bally tibe sole right to an extraordinary license was held by 
the Burina Ruby Mines Company, whilst hereditary miners worl- 

» {hi6l» 8wfik ppn (1088). 

1$;^ iSaQeiijyukdaotoW cotoBieu®s4 dstailts^ vwk to I98l on the eriefcing 
Poeeet Sumy altoeto pendSeg the^mi^tion m die new earrejr. 
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ing under ordinaiy Ecenses wei» restadoted to such metihods of work¬ 
ing as they had used in the past, that is, to the ordinary handworked 
bamboo pump for the pumping of, and the balanced bamboo lever, 
such as is used in wells all over the east, for the bailing of, water, 
or for the raising of the ruby-bearing earth or hym to the surface. 

Since ihe termination of the lease of the Burma Buby Mines 
Company in 1931, the Government of Burma have removed all 
restrictions with respect to applications for extraoxdinmy licenses. 
The sanction of the Govemor-in-Council is, however, required before 
such a license can be granted. 

In the past, large-scale mining by the Burma Buby Mines Com¬ 
pany has proved a failure, whilst mining under ordinary methods 
by native miners is known to have been a success. Many areas in 
the stone tract are unsuitable for work by native methods owing to 
the inability of the miners to cope with water seepage. These 
areas can however be dealt with by the small capitalist by the use 
of mechanical means, and the first extraordinary license under the 
new rules was issued in 1933 over an area of 10^ acres in the Engyauk 
gorge immediately north-east of Mogok. The terms on which the 
license was issued are roughly as followsBs. 20 per month per 
miner employed (as against Rs. 10 per month imid by the ordinary 
miner) with a minimum miners’ fee of Rs. 400 per month, plus an 
acreage fee of Bs. 5 per acre, or 10 per cent, of tho sale receipts of 
the stones mined whichever is greater. Certain conditions are also 
included in the lease regarding returns and the payment of royalty 
on unsold stones on the termination of the lease. The license is 
issued for twelve months only in the first instance with the option 
of renewal for further periods on such rates and conditions as may be 
prescribed by the Local Government. 

It will be interesting to see how the terms work out in actual 
practice and how far fairly small-scale mining by modern methods 
combined with personal and self-interested supervision can be made 
a paying proposition. 

Gold. 

62. Gold in Dhalbhum is found both in river alluvium and in 
certain quartz veins. Quartz veins in Singhbhum are of two 

varieties, a barren white massive quartz, and 
OriiM.********”*’^*****^*"** * smoky grey or ‘blue’ quartz, often sheared. 

The latter type is occasionally auriferous. 
Such gold-bearing quartz veins are found in tbe Iron-6ie series only 
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in ZOI 10 of tuffs, ^oir diatiibution suggests to Dr, Dtinsi 

a until the late bado intrusive phase of the Dalma voloaniu 

sttlte and hot with the granitie rocks of the area, as was suggested 
by myself some years ago. ^ 

63. Dr, Sahni reports the oceurrenoe of alluvial gold in several 
streams draming the Chaung Magyi rocks, as, for example, in the 

bed of the Nam Lawng, south of Urapum 
Shwt SIstM, (23° 41' 80": 97° 65' 30") and S. S. W. of 

Hkamtaw (23° 41': 97° 63'). The main gold- 
bearing area lies to the east of sheet 93 JB/13 and here the Burma 
Corporation and others have been carrying on intensive prospecting 
for some time. Fairly large-sized pellets of gold were brought to 
Dr. Sahni by the Shans for examination. It appears that the area 
was worked for gold in former times by the Chinese and traces of 
their, workings still exist. jPertain localities which the Chinese 
overlooked or could not reach are still mported to be richly gold- 
bearing. 

lroii»ofe. 

64. Dr* A. K. Dey found pebbles of ihnenite associated with as- 
b^tos north-east of Mahespur ( 22 ° 23': 86 ° 30') in Dhaibhum, 

the ‘ country' being altered epidiorite. Cer- 

Ori»» ****^**'”’*******^ *”^ shales and quartzitic schists south of 

Shamadanga (22° 42'; 86 ° 32') are highly fer¬ 
ruginous and often grade to hematite-phyllites and hematite-quartz- 
schkts; these in pkoes form small deposits of hematite. Such 
deposits of iron-ore possess, however, no economic value in view of 
the vast quantities of iron-ores in the Kolhan. 

55. Mr. P. N. Mukerjee reports an occurrence of micaceous 
haematite in the Nimar sandstones, south of Ohimt village ( 22 ° 32': 

74° 5') in Kathiwara State, Central India. 
Cemrall’Ma. deposit also is only of academio in¬ 

terest. \ 

66 . Mr, P. N. Bose’s surveys in 1898-1900 showed that large 

depiXttts of hematitie iron-ore exist in Bastar State.® Mr. H. Crook- 

shank now reports Ishe existence of large quan- 
PtotSm# ^®"*'** titles of low grade lateritic iron-ore on the 

ridge one inile south of Guinjenar (18° 47': Sl° 
36'), and on tiie south side of the Kaingar valley south-west of 

; ‘ fVooi 4». Bengdf K, S„ 3CV» pj* olx**bt» (1819) 

^ »Gen«iw EeportB idt 1688-89 and 18894800, pp- 88 and 4l respectively. 
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Kotomsor (18® 62' i 81® 68'), sad mlabr deposits ia conaobtion idth 
most of the pRtclios of homatite-^uartzites. These ores are ex¬ 
tracted on a small scale by the village iron-makers in many localities* 


Kyanite. 


67. Dr. A. K. Dey noticed kyanite debris strewn on the ground 
west of Singpura (22® 22': 86® 36') in Bhalbhnm. The mineral 

is bluish white in colour and occurs in large 
***^**^ interlocking blades associated with muscovite 
and some taloose mica that may be damourite. 

68. Dr. P. K. Ghosh records the occurrence of abundant kyanite 
in blades sometimes attaining a length of six inches, in garnet- 


Neliore district, 
Madras Presidency. 


staurolite-biotite schists injected by quartz veins, 
in the hill half a mile west of Korissa Kmda 
(14° 11': 79° 43'), Nellore district. It is found 


abundantly in the surface detritus. 


Lead-ore. 

69. In the course of his survey of part of the Khasi and Jaintia 
Hills, Assam, Mr. Bradshaw noticed the occurrence of galena in 

boulders of pegmatitic granite close to the 
boundary between the granite and epidiorite 
south of Umwang (26° 41'; 92® 12'). The 
boulders in which galena was noticed wore not m sUu and Mr. Brad¬ 
shaw does not consider the occurrence to be of economic importance. 

60, About half a mile north-east of Khandia village (22® 19' 30': 
73° 35' 30") in the Bhamria State, Panch Mahals, there is, according 

to Mr. P. N. Mukhorjee, a deposit of galena 

M.®taMls*lilJf,BoStay'l “ irregular veins in mica-schists, ittc miner- 

alisod band extends for about a mile to the 
east, and is about five feet wide. The veins carrying the ore have a 
general E.-W. trend, approximately correspon<hng with the strike 
of the mica-schists. A sample of the galena assayed in the Geol¬ 
ogical Survey Laboratory gave 18'16 oz. of silver per long ton. 

The deposit requires careful investigation and may turn out a 
very useful occurrence. 

61. The belt of the lead-sUver-ore of Mawson', sheet 93 D/13, 
was found by Mr. Sondhi to continue to the north into sheet 93 C/16, 


*Re(h Geol. Burv, tnd., LXV, p. 62, (1931). 
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at 4 ^ awmber of i>lwses, especially a^w 
Soiit^ni Sluw Stotw, ^ ywiifl to tke east of Thitteikkoa (21 1 ; w 
lltifnte. well-defined ridge 

about two miles E. 8. E« of the swaae village. In the latter area 

Shan pits are concentrated along a fault line. 

^e area has been the scene of active prospecting m recent 

times, but is now deserted. 


Mica. 

62. During the latter part of the field-season of 193^33, Dr. P. K. 
Ghosh visited Nollore district at the request of the Government of 

Madras tp investigate the ‘ behaviour of mica 
NeUffre 41strict, deposits. of Nellore at great depths, and the 

JUsdrMPreBMency. rel^iott' of the presence of hornblende- and 

biotite-sohists to the occurrence of mica’. He 

by Mr. C. Sriramalu, the Officiating Mica Inspector of NeUore, prac 

ically throughout the whole period of his tour m the • 

At the time of his visit, only eight mines, Pathemg^ta, 8h^, 
Nityakalyani, Badhakrishna, Inam, Newlands, Tellabody and the 
D, mines, were working. Beddes the above-mentioned mica mines 
praoticaliy all the other mica mines of Nellore were vwiW. Bu 
being under water, the unworked mines ofiered very httle facihty 

for observing the bdiaviour of mica in depth. ^ ^ 

The geological formations met with in the mining area are as 

folbws :i*— 

Pegmatite (often carrying mica, and sometimes .beryl and 
eamarskite) and quartz veins. 

Schistose quartzite (? original quartz veins). 

Highly sheared granite-gneiss. . • <. 

AmphiboHte, and hornblende-schists, sometimes passmg mto epi- 

dote-schisto; 

^idtite-sohist, (often earrjdng garnet, kyamte, stauiolite) 
talc- and ehltttite-schists. 

th# mam mio belt <4 Nellore is sickle-shaped, tapering to &e 
soua-eaet and to the N. N. E-; the southern pomt ^ nme 
miles to the 8. S. 5. of Gndnr (14° 9': ^9 82). 

northero point about uine milea to the N. N. h. of Sangam (14 3 . 
1W*, 4^). Bm lo^ihaped central portiw, . which runs toi^ y 
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nma And south, uud is widest » ^ souti^^ ^ esstow porti^ 
of the Bspur tohdba, carries most of the mica mmes (moludiug^ the 
most paying ones) of the district. Th« niica belt between labtute 
14“ 3' and the Kandleru river, is marked by schistosity trendi^ 
between N. W.-S. E., and N. N. W.-S. S. B., with high south-westerly 
or south-south-westorly dips. North o! the Kajidleru, ^ schistosity 
tends to be more or less N.-S., or even N. E.-S. W., and easterly 
dips are frequent. Although the above is generally the case, the 
direction of strike and dip of individual bands may vary from place 

to place. 

The pegmatites, which are the latest intrusions, conform in strike 
and dip to the schistosity of the ‘ country ’, seldom show any signs 
of piessuie metamorphism, and seem generally to have crystallised 
under quiescent conditions. The thickness of the pegmatites is 
variable, ranging from that of an insignificant vein to over 200 feet; 
but ten to 15 feet may be taken to be the average thickness of mica- 
yielding pegmatite. The length also is variable, from an average 
of 30 feet to over 1,200 feet. As Mr. G. H. Tipper recorded in his 
report on the mica mines in the Nellore district, ‘the commonest 
form of these (pegmatites) is that of a lens, a series of connected 
lenses, lenses arranged en echelon^ or long irregular masses . They 
are often associated with a well-developed boss of quartz—a product 
of differentiation of the pegmatite magma. 

The larger, workable pegmatites seem to have a distinct prefer¬ 
ence for the biotito-sohist zones, into which the largest number of 
pegmatites are found intruded. It should be mentioned, however, 
that workable quantities of mica have also been found in pegmatites 
intruded along the junction of the biotite- and hornblende-schists 
(Patheregunta mine), in those intruded into hornblende^schist 
(Parvati Parameswara mine), and very exceptionally in , pegmatite 
intruded into the schistose quartzite (Velaga Venkateswara mine). 
The probable explanation, according to Dr. P. K. Ghosh, of the 
selective distribution of the pegmatites (i.e., their bias for the biotite- 
schist zone) is that the biotite-schists are the rocks least competent 
to withstand the tonsional forces that came into play at the time of 
intrusion of the pegmatites. The incompetent biotite-schists and 
the more resistant hornblende-schists seem in this indirect way to 
have influenced the localisation of the pegmatites, and incidentally 
of the deposition of mica, for according to Dr. Ghoeh, the latter 
would have crystallised within the walls of Any * countiy ’ provided 
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Hie iiegxiEiatitid was df tlie xeqxusite eompositton and tlte oHier 

edndit^s tetnaioed the same. 

mines being shallow (the deepest working mine, the Shah 
mine, is onl)^ 290 feet), noiMng definite is known about the behav* 
iour of the |>egmatLtes and miea deposits in depth. The character 
of the pegmatites, as observed witUn this small range of depth, 
seems to vary in the difEerent mines, and sometimes even in the same 
mine. Thus at the Tellabodn mine, of the two pegmatites, the 
lower one changes its dip to the north from the original westerly 
direction, at a depth of 100 feet, and becomes thinner, and the mica 
becomes brittle; but the upper pegmatite continues in depth with 
its ori^al direction of dip, and maintains the excellent character 
of its mica. In the Shah mine, the dip of the pegmatite changes 
from south-west to north-west at 200 feet,, but the character of the 
mica improves. In some cases, the pegmatite is actually impov¬ 
erished in mica-content as it is followed in depth; but the mines 
have never been carried deep enough to prove that richer deposits will 
not be found at a lower level. So far no instance is known where 
the pegmatite has actually pinched out, as in the Kodarma area, 
Bihar. At this stage of development of the mining properties in 
Nellore, it seems, according to Dr. Ghosh, premature to attempt 
to foretell Hie behaviour of the mica in depth; but he records 
that with most of the mines that have followed scicntifi.c methods of 
development and working, financial success has resulted. 


Natural Gas. 

63. The occurrences of natural gas at Jagatia in Kathiawar 
and at Baroda, situated respectively to the west and east of the 

Gulf of Cambay were investigated some years 
Kathiawar, Bombay ago by the late Captain K. W. Palmer^, and 
, this worll was held to justify the view that 
the Tertiary rocks from which this gas was 
or presumed to be derived underlie large parts of the Gulf 
of Cambay and the alluvium at the head of the Gulf. 

Sbzhe 12 years ago natural gas (with saline water) was tapped, 
in a boro-hole at Gogha (21® ; 72° IS') in Kathiawar, and Dr. 

P, K. GhOsh was asked last year to investigate this occurrence. 

, A iSnre, IwAi UV, (1922). 
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The north-east coast of Eathiawa>r, where Gogha is sitnated, 
is made up of Upper Tertiary strata composed of alternating cal¬ 
careous, sandy and clayey beds, the latter preponderating in depth. 
These sediments rest on a platform of the Deccan trap basalts, 
and increase in thickness as the shores of the Gulf of Cambay are 
approached, and ’"provide the reservoirs from which gas and water 
arc derived. According to Dr. Ghosh, there are three water-bearing 
sands above the gas sand, the lowest of the water-bearing sands being 
immediately above the gas sand. The gas bearing stratum is 35 
feet thick, and occurs at from 812 to 847 feet below the ground-level. 
Boring was* continued through the Tertiary strata to a depth of 
1,016 feet: for the first 813 feet the hole was lined with eight-inch 
casing; between 813 and 997 feet the diameter of the casing was 
reduced to six inches; and the rest of the bore-hole remained 
unUned. The six-inch casing vras broken at a depth of 762 feet from 
the surface. Dr. Ghosh infers that the annular space between the 
eight-inch and six-inch casings is not sealed, and that it is due to this 
defective construction that the gas and w^ater flow simultaneously 
into the bore-hole from the surrounding strata. This also gives 
rise to the possibility of the gas sand being invaded by water, 
and the gas being driven into pockets of uneconomic dimensions—a 
state of affairs highly detrimental to the life and the future 
development of a potential gas reservoir. 

The gas has been issuing, presumably at a fairly high pressure, 
for tho past twelve years. Even at the time of Dr. Ghosh’s visit, 
the gas when allowed to catch fire, burst into steady and vigorous 
flames about five feet high. It is an easily inflammable gas, and 
according to the report of the Industrial Chemist to the 
Bombay Government, the total hydrocarbons calculated as methane 
form 81*8 per cent, and the calculated B. T. Us. per cubic foot are 
870, the heat value being thus quite high. The helium content, 
according to Dr. Watson of the Indian Institute of Science, Bangalore, 
is 1 part in 8 , 000 —too low a percentage for the gas to be of value 
for the extraction of helium. Tho ‘ closed ’ and open pressures 
of the gas could not be measured as it was issuing with water. How¬ 
ever, from consideration of the depth of the gas sand below the 
surface, and the recorded observations of the ‘ closed ’ gas pressure of 
the wells in the Tertiary strata at Baroda and Jagatia, probably 
forming parts of the same Tertiary basin of sedimentation as Gogha, 
Dr, Ghosh estimates the * closed ’ pressure to h€ 220 lbs, to the square 
inch at the miiumum. 
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><2a3ce|ul field ofoseryatiom prove th»t the fltreta have been t|irowB 
jBfo gentle syueiines and anticlines—stmctures highly suit¬ 

able iot the accumulation of gas. The gas-field supplying the (|pgha 
output has an estimated minimum extent of 12 square miles. The 
porosity of the gas sand is not known, but assuming it to be 20 per 
cent,. Dr. Ghosh estimates that the original gas content of the field 
was about 37,468 niiiliou ctibic feet. The oi^en-fiow pressure of the 
gas not being known, the rate of flow cannot be determined, 
nor can the life of the well be predicted with certainty. There 
is, however, no doubt that a considerable amount of a valuable 
material has been allowed to run to waste, and there can be no hesi¬ 
tation that further escape of the gas should be prevented. 

The structure of the Tertiary belt of North-East Kathiawar, so far 
as it was possible for Dr. phosh to ascertain during the time at his 
disposal, seems to be fa\*^qurable to the accumulation of gas. In 
order to explore the possibility of striking fresh occurrences of gas, 
and to have more precise data of the extent of the gas-field, the 
nature of the gas sand, and the underground structure in general, 
further borings are necessary. Dr. Ghosh has selected six local¬ 
ities at which it is desirable to drill. 

Petroleum. 

64. Charge of the office of Eesident Geologist, Yenangyaung 
Oilfield, was held by Mr. C. T. Barber until the 13th March, 1933, 

Resident Oeologlst, Bradshaw from the 19th 

Yenangyaung Oilfield’, March, 1933, for the remainder of the year. 
®*‘””** During the year the Burma Oil-Fields (Amend¬ 

ment) Bill, 1933, was passed by the Burma Legislative Council. 
The J3ill has two main objects, first to ensure that control over drill¬ 
ing operations is exercised automatically as soon as drilling begins 
in any part of the province, without the need which exists under 

the present Act, of notifying an oilfield, be- 

(ASSenDMiviMJ. If 

control. The second is to provide that the 

control to be exercised shall embody % policy of conservation gas 
as well as of oil, and of prevention of waste. In anticipation of 
the i^actment of the Bill the Resident Geologist collaborated ^with 
the Warden, Burma Oilfields, in the drafting of the rules which the 
liOeal Government will be empowered to make for regulating all 
matftera connected with or subsidpiary to any operations for the winn¬ 
ing dt oil or gas or both. 
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65. The Besident Ck^ologist was consulted on techidcal matters 
arising out of an application for a revision of the orders ^ permitt- 
The appBcsffoit ot ing a general increase in the degree of vacuum as 

Rwerm*^ Iwf *1h*r ^ producing 6fom certain hori* 

borders at Yenangyaung. sons within the Reserves and their borders 

in the Yenangyaung oilfield. In the courae 
of a lengthy order the Financial Commissioner, Burma, concluded, 
inter alia, that within the life of a well there may be a period during 
which the application of a pressure lower than atmospheric may 
result in an increase in the ultimate recovery from that well, but 
that the application of vacuum before or after this period may he 
harmful from the point of view of recovery. As a corollary he 
concluded that the simultaneous application of a uniformly reduced 
pressure to a large number of wells which, at any given moment, 
are at different stages of their productive lives is normally likely 
to reduce the ultimate recovery from a field. On the other hand 
he found, on the evidence before him, that, while all wells were not 
affected alike, the application of a vacuum in many cases resulted 
in an increased rate of production, this being not necessarily always 
synonymous with an increase in ultimate recovery. He concluded, 
however, that in the case of wells which arc nearing the close of their 
economic life, an increase in the rate of production results in an in¬ 
crease in the ultimate recovery from such wells since they might 
otherwise be plugged and abandoned. The Financial Commiss¬ 
ioner then examined the question whether there was any areal 
segregation of such wells and concluded that by choosing a line 
running parallel to the axis of the field, an effective segregation 
could be made inasmuch as the great majority of the wells west of 
the line were small producers, while the majority of the larger wells, 
to which, in his opinion, the application of an increased vacuum would 
be premature, were situated east of this line. He therefore direct¬ 
ed, subject to the provision that no pressure less than atmospheric 
should be maintained at the well head of any well producing from 
below the horizon of the 3,000-foot gas sand as defined in the 
Warden’s provisional order dated the 16th August, 1927, that on 
and after the 1st March 1934, a vacuum of 7| inches of mercury 
might be applied at the well head of wells on sites intersected by 
or west of a line which he defined, and that on and after the 1st 
September, 1934 a vacuum of 10 inches of mercury might be applied 
at the well head of,wells on sites intersected by ok west of a line parallel 

^ Kills Jls6. Cftolt Sttm* Jndtf LXIT , p. 88, (1028}* 
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tp, imfl 200 fppt to the west of the line already mentioned ; his 
ohj^t in dehning a second line being to set up a harrier zone to 
re^upe any unfair advantages that might accrue through the ap* 
plication of difieiential piesBiirea amounting to 6 inches of meioury 
to wells drilled on adjacent sites. 

The proving of remunerative prodtiction in the lower sands in 
the north-eastern part of the Twingon Keserve resulted in the 

deepening of many wells in this part of the field. 
The resultant dbrilling problems considerably 
increased the worjc of the Advisory Board as the casing policy and 
the inspection depths for each well were prescribed by a special order 
in each case. Among the miscellaneous questions on which the 
opinion of the Resident Geologist was given were questions relating 
to the storage of oil at pressures other than atmospheric, to Diesel 
fuel oils, and to leasing*. 


Miscellaneous. 


Salt mltte at Jatta, 
Kehat 4istrict, I^ortli* 
West Frontier Pro¬ 
vince. 


Salt. 

66. During the month of March, Mr. B. R. Gee visited Jatta 
{33® 18' 30": 71® 17' 30"), Kohat district, North-West Frontier 

Province in order to advise the authorities 
of the Northern India Salt Revenue Depart¬ 
ment regarding the extent and workability of 
the rock-salt deposits of the Jatta mine hill. 

The excavation of the Jatta mine was commenced in July 1926. 
In the middle portion of the Jatta ridge, massive grey and trans¬ 
parent salt, with dark bituminous bands and intercalations of 
red clay and soft friable sandstone was encountered, and three 
small chambers were excayated. Owing to the danger of roof- 
falls and possible instability of pillars as a result of the soft clay 
and sandstone bands, ar^ also to the fact that pot-holes filled with 
debris were met with, the mine was closed in August, 1932. 

Mr. Gee suggests that a lai^e quantity of rock-salt probably 
contioues in ^epth and to the west within the ridge, and should 
the authorities desire to continue the exploitation of the salt by 
imdezground mining, he is of the opinion that attempts should be 
made at a much lower level in order that the workable area within 
the tJatta anticline may be considerably increased and the danger 
feom pot-holea avoided. He points out, however, the following 
faotors agmnst mining the salt underground at the present time 

lxt«a oost compared quarry-working. 
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(if) Danger of roof-fells OR accotmt of plastio clay bafids within 
the seams. 

(c) Presence of large quantities of |Ock-salt, accessible by quarry¬ 
ing, in the area just to the east of the mine. 

From the open quarries, the annual output of nearly four lakhs 
of maunds has been largely obtained, Mr. Gee is of the opinion 
that a reserve of'salt is available for quarry development within this 
eastern portion of the Jatta ridge, sufficient to maintain the present 
output for a large number of years—^probably at least half a centuiy. 


Samarskite. 

67. Samarskite is recorded by Dr. P. K. Ghosh from tie disused 
Kondandarama mica mine, near Parlapalli village (14®2P . TS^dS'), 
about seven miles to the N. N. E. of the Sankara mine, Nellore 
district, where samarskite was formerly obtained. The mineral, 
associated with haematite, occurs in a pocket about three feet wide 
and five feet deep, in the alluvium at the north-western edge of the 
mine. The pocket could not be traced in the horizontal direction 
to any appreciable extent and the quantity of the mineral is very 
small. The deposit is, therefore, of little economic importance. 


Soapstone. 

68. Dr. Dunn reports several further deposits of soapstone, 

which are worked by the local villagers, at 
^ B?har*am( OriMa!** Bhelaipahari and two miles east of Kokara in 

Dhalbhum. 

Dr. Dey reports similar deposits near Mahespur (22° 23': 86° 
30') and Burudih (22° 22': 86° 31'), Dongadaha (22° 21'; 86° 34'), 
north-west of Khejurdari (22° 24' : 86° 33'), and north of Digha 
(22° 39': 86° 32'), All of these deposists were worked till recently, 
and the two last mentioned are still being exploited. 

A rock made up of soft apple-green flakes of talc resembling 
books of mica occurs miles west of Chirutanri (22° 24': 86° 34') 
and on the hill-slopes east and north-east of Mahespur. 

69. Dr. P. K. Ghosh notes the occurrence of a deposit of talc, 
half a mile west of Birla Tippa (14° 12' : 79° 44'), Nellore district. 

It is of the massive variety, and is rather impure, 
JVfadmPrwWcncy. t>ut it is quarried for the manufacture of 

household utensils. 
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Sc^a. 

70p J)t. Qbosb recoicls that during the dry mouths, the alluvium 
along the banks tsi the Bokh and, the Ehari rivers at Barantij in 

the Ahmedabad district yields incrustations 
sodium salts. In these efflorescence sodium 
carbonate pr^nderates and forms roughly 
from 43 to 69 per cent, of the material scraped from the surface. 
The other salts of sodium present are chiefly the chloride, with 
subordinate amounts of the sulphate and the bicarbonate. 

The local people treat a concentrated solution of the salts, 
scraped from the surface of the earth, with burnt Xxinkir, for 
the production of caustic soda. 

The caustic soda solution is then mixed with the locally obtain¬ 
ed mohuwa oil and the miktnre evaporated to dryness; the dry 
product is rolled into balls oar nut into cakes and sold as soap. 

The process of soap manufacture by the above process is very 
crude, but the Bombay Government have taken the matter in 
hand and are oflering advice for the betterment-of this local industry, 
which is said to yield an annual income of over two lakhs of rupees. 


Water. 

71. At tlie request of the Superintending Engineer, Public 
Health Circle, Bihar and Orissa, Dr. J. A. Dunn was deputed to 

visit Ranchi and give advice concerning sites 
OrSM.*****’ ****'*'^ compounds of the District 

Jail and the Ranchi Sadr Hospital. 

72. During the course of field work iu the Punjab Salt Range, 
Mr. E. R. Gee continued his observations on the water-supply of 

the area. The tract covered by him during 
"^^1^ season included the north-western 
' part of the Sbahpur district. It may be 
into the following sub-areas:— ^ 

!(i) Alluvia!, plains to the south of the range between Choba 
( 32 « 24': 72® V 30') and Golewali (32® 29': 71® 60' 3r). 
(ii) yillages im &© scarp slopes. 

(iit) yfllagM on the iBalt Range plateau. 

(iv) The MU station of Sakesar (Sa® 32' 30": 71° 66'). 
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Begarding these tracts Mr. 0ee comments as follows :~-« 

(i) The plains at the foot of the scarp include the following 

viUagcs^hoha (S2“ 24': IT 1' SO"), Warcha (32“ 25': 
71° iSolewaU (32° 29': 71" 60' 30*) and Bukhla 
(82° 27': 71° 57'). In the case of the three former 
villages, the water requirements am obtained either 
from artificial tanks or from springs flowing from t!|ie 
rocks of the scarp some distance from the 'Ullages. At 
Rukhla (Warcha Mandi) is an efiicient scheme; ^ring- 
water from the Productus Limestone outcrop about 
three miles up the Jarhanwala gorge being carried in a 
pipe-line dowp tp the vlHagP. Pthcr villages, situated 
at greater distances frpm the range, depend solely on 
artiflcial tanks apd it is unlikely that wells, sunk in 
these areas, wopld yield supplies of sweet water. The 
oply remedy is the installation of pipe-lines fro^p t^P 
springs of the Salt Range spp>rp. 

(ii) Regarding the villages situated on the scarp slopes, t^^ese 

are uspafly and hapalets, obtaiping their water- 

sppply frpra tanks pr Ipcal springs. 

(iii) The plpteau tract of this north-uestern portion of the 

Shahppr district includes the follpwing large villages— 
jPiabaklti (32° 37': 72° 14'), Mardwal (32° 36' 39": 
72° IG'), Anga (32° 36': 72° 6' 30"), KotH (32° 35': 

72° 2' 30"), Nauahahra (32° 34': 72° 9'), I^ufri (82° 

32' 30"; 72° 6' 30") and Uchhali (32° 3^': 72" 1'). 

Those villages aro situated either pn the alluvium pf 
these upland valleys or on the adifljpjng lfpipmu|itic 
Limestones. Their supply of fresh water is obtained 
either from wells supk in tips alluviupa qr from springs 
issping from the base of the Hill Limestones pi the 

adjoining hill areas. 

The water-level of portions of these valleys—as evidenced by 
tbn existence of la^es at Hhabakki and near Naushahra—^is very 
near the surface. The water of these lakes is slightly saUne and 
unfit for consumption. Wells sunk within a short distance of 
them, however, tap a good supply at a shallow depth. Nearer the 
edges of these valleys, at NausWhra and Anga, the water-level 
falls to nearly 1(X) feet below ground-level. Perennial spxingi 
occur in the foils south of the Naushahra-Uohhali irea, at pfonte 
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half a mile north of Suraldd (32® 31' 80" 1 72® 8'), a short distancse south 
of Kutdi, Pattan (32® 32': 72® 4' 30"), and Kuraddi (32® 32': 72® 
3' 80"), and also at Kotii, 

The small hill station of ^kesar depends for its supply of fresh 
water on several springs that flow from the Hill Limestones of that 
area. Water is collected also in artificial tanks. After periods 
of excessive drought, the flow from the springs near the top of 
th,e ridge decreases very considerably and the problem of supply¬ 
ing the needs of the station becomes a serious one. 


Burma Circle. 


Mogok Stone Tract. 


Geological Surveys. 

73. Iharing the field season, 1932-33 the Burma CSrcle consist¬ 
ed of Mr. B. L. G. Clegg (in charge), Messrs. C. T. Barber and 

V. P. Sondhi, and Brs. M. B. Sahni and 
L. A. K. Iyer. On Mr. C. T. Barber pro¬ 
ceeding on leave preparatory - to retirement on March 16th, 1933, 
Mr. E. J. Bradshaw replaced him as Besident Geologist, Yenang- 
yaung. 

74. The new four-inch to the mile maps of the Mogok Stone Tract 
having been completed, work was commenced by Mr. E. L. G. Clegg, 

Superintendent, and Dr. L. A. Narayana 
Iyer, Extra Assistant Superintendent, on the 
detailed geological survey of the area in continuation of the work 
started^^by Dr. Coggin Brown and Mr. A. K. Banerji. The new 
sheets comprise an area bounded by the Kin Chaung on the west, 
by the Mfingmit State on the north, by the Konsan Taung-Kyini 
Taung ridge and its continuation northwards on the east side 
of the Pinpyit villages {22® 57' 30"; 96® 33') on the east, and latitude 
22® 60' 45", i.e., about five miles due south of Mogok, on the south, 
the total area being approximately 170 square miles. The sis 
maps into which the area is divided can for convenience be termed 
the De-0, Bemardmyo, Chaunggyi-Kyetnapa, Kabaing, Kyat- 
pyin, and Mogok sheets. Of‘ these the Chaunggyi-Kyetnapa sheet 
has been completed, as also have the greater portions of the Ber- 
nart^yo, Kabaing, Kyatpyin, and Mogok sheets. Although the 
mast imoessible parts of the uncompleted sheets have been geologi¬ 
cally surveyed, these parts are also geologically the most com¬ 
plex, and owing to the more open and accessible nature of the 
oountiy, the ones in which the most detail can be mapped. The 
information derived fihese sheets will, it is anticipated, be 
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a great help in the more rapid mapping of thd topographically more 
difficult and densely forested parts that remain to be completed. 

In previous general reports^ the recognisable types of rocks 
of this area have been dealt with at some length, and with the 
exception of the oordierite-bearing rocks all these types were recog¬ 
nised in sUu during the field season. In addition amongst the 
basic rocks a new type was found in the Bemardmyo area consist¬ 
ing mostly of aegirine and soapolite. 

It was found possible to recognise the following divi»ons of 
rocks:— 

11. Basic and ultrabasic intrusions. 

10. Homblende-aegirine-nepheline-rocks and aegirine-scapolite- 
rooks. 

9. Augite-granites. 

8- Syenites. 

7. Acid intrusive gneisses, biotite-gneisses, garnet-pyroxene- 

gneisses, aplites and pegmatites. 

6. Quartzites. 

6. Calc-gneiss series, comprising scapolite-gneisses, pyroxene- 
granulites and gneisses. 

4. Crystalline limestones and calciphyres. 

3. Biotite-gamet- and biotite-garnet-sillimanite-gneisses. 

2. Garnet-gneisses. 

1. Biotite-gneisses. 

For mapping purposes, however, it was found necessary to com¬ 
bine divisions 1, 2, 3 and 7 into a group of unclassified crystalline 
rocks, as they alternate so rapidly and are so inextricably mixed 
up and inconstant. Their outcrops cannot be followed owing to 
the thickness of the soil cap, and it is impossible to connect up a 
section noted on one stream with that on an adjacent one. In 
this group are also included occurrences of the other groups too 
small to show separately on the map. 

Of the calcareous suite of rocks composed of crystalline lime¬ 
stones, calciphyres and calc-silicate-rocks, an endeavour has been 
made to map crystalline limestones and calciphyres as one division 
and the calc-gneisses as another. Previously the calc-gneisses were 
shown in the group of unclassified crystallines and not with the 

1 JJec. Qwl, 8wv, IM,, LXV, Pt. 1, p. 80-86, (1931^ and Pt. 1, p. 82-96, 
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PljJc^ljyTed which Ihey ^ gen^tioftUy lelii*^ 
aii4 j||)C ijsnjifly foup4 m olosse ftp^iQciation. Wheyc the calcareoiis 
^eiweei can be mei)|)ed, this bee» 4oBe bowdaries iy^^sert- 

l|i other pl^c^ where they grade into celciphyrea epd lime- 
stonesy the^ have heep Ipdicgted by iri^bounded dotted areas- 

The groups abPWIi the wap are therefore:— 

5. Basic and nltrabasic intrusives. 

7. Homblende-aegirine-, nepheline- and homblende-scapolite- 
rocks. 

6. Augite- and hornblende-granites. 

5. Syenites. 

4. (Quartzites. 

3. Calcareous gneisses. 

2. Crystalline Ihnestonea and calciphyxes. 

1. Unclassified crystallines.. 

The basic (md nUrabasio rocks consist of two main types:—(1) 
the Bemardmyo peridotites, and (2) a series of augite-hornblende- 
rocks, widely distributed but of small extent. 

The peridotites of the Bemardmyo area occur in three main 
exposures on a N. E.-S. W. strike. The most easterly 
exposure lies in and to the cast of Kyaukpon (Lisu) village 
(23° V ; 96° 29'). It appears to be a thin sheet of rook dipping 
to the south-east parallel with the hill slope, and is intersected 
by a thin vein of steel-grey coarse hornblende-rock. The second 
exposure runs south-west from immediately south of Kyaukpon 
(I4su) anil cute across the 6,276-foot ridge into the Bemardmyo 
oatchw^iit area. This also is a sheet dipping in a south-east 
direction. Pistant about half a mile from the south-west end 
of this latter exposure is a third intrasion of peridotite, which cute 
iKfya Tupng (23° 0': 96° 28'), aud runs northwards towards Py- 
UUilgg#ung village (23° O' 30": 96° 28'). In the stone diggings 
situated on this exposure a' north-easterly strike is visible, al¬ 
though in general the outcrop is seen only as a series of loose, 
weaih^ed boulders. Other minor exposures occur in the Payaw 
(^ung Valley, and hforth of Kyaukpon Taung (23*^ 1': 96° 28' 
both areas lying to the east of and distant about two miles 
fxc^ Bemardmyo (23° 0' SO": 96° 270* The peridotite is a 
m^Um- to ooMse-grained holocrystalHne rock consisting esscntial- 

oif dhvine wfth a subordinate quantity of pyroxene and occasinn^ 
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ally a few gMins t>f iirbn-o^. W sUrlJed altfll^ 

the cracks of the olivine crystals Iti stane Speciinbbs. 

'traces of aagite-hornblende-rocks oaa be Mcked up smAll 
boiilders in many of the Streams of the area. Ths bigger exJibSuiJeS 
are foimd in situ: — (a) about one mile north of CMunggyi (ttau* 
san) (22° 58': 96° 30') on the Letha ^Taung (23° O': 96° 30') foot¬ 
path where an augite-homblende-felspar-rook forming a sill Is 
intruded by pegmatites; (6) on the south side Of the pass on the 
Mogok-Bernardmyo road, as a black medium-grained rock, bom- 
posed of hornblende, augite and a little felspar, associate with 
limestone; and (c) near Kyaukpyathat (22° 50': 96° 23') as a 
dark coarse-grained intrusive composed of hornblende, subord¬ 
inate augite, and felspar, with quartz and a little calcite. This 
last rock passes into the hornblende-nepheline suite of rocks. 

I^he h^nhhfde-aeginm-wphdim-^ocks and the horiMeiid^ 
or aeginne-smpolite-rocks occur as small minor intrusions or bands 
usually associated with limestones, although one small exposutc 
noted three miles north of Kyatpyin (22° 64': 96° 25') forms a 
marginal fringe to a syenite intrusion. The nepheline suite of 
rocks has been formerly recorded from the Sinkwa road, but wbrfc 
to the west by south shows this suite to have a much greater 
extension.^ One specimen from the type locality on the Sirikwa 
road a quarter of a mile north-cast of the north end of Sinkwa 
villap (22° 54' 30": 96° 23') is a medium- to coarse-grained rook 
consisting of a dark greenish brown hornblende with interstitial 
calcite, nepheline, sphene, and iton-oce, whilst from an adjacent 
locality augite is also found in association with the hornblende. 

The pyroxene-scapolite-rocks appear as a few small expostrres 
in the Bernardmyo vicinity. They are medium- to coarse-grained 
rocks mostly composed of deep green aegirine with large crystals 
of soapolite, a little felspar, calcite, apatite and iron-ore. 

The syenites occur as two main intrusions, one of which arotmd 
the village of Ongaing (22° 56': 96° 30') has been previously men¬ 
tioned ; the other forms the big hill comprising the village of Ber- 
nardmyo and the high ground north of it, the southetu boundary 
being the sllUvium of the Pyaunggaung Chaung, Other smaller 
occurrences were seen in the Kyatpyin sheet near Thatduteho 
(22° 66': 96“ 28'), Myeme (22° 66'; 96° 2T)i KyauklegA Tatlii| 

^ Thi» Slfakwft eip<aairra are ihb eeisterlf outcrope of » senes ef aaadai oeSitrring 
south-west and north-east of Kyaiikpyathatanauk. 
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(22® 68'i 96® 26'), and half a mile norl^t N. N. E. of Bawloogjd 
(22® 66'; 96® 24'). 1!1ie Oiigaing ocGunrenoe is the most interest- 

i&g; its petrological characters have been previoody described^ 
a# also its laocolitic intrusive nature. Exposures in the Letnyo 
Taung (22° 66' 30': 96° 30' 30') (Hc^ok sheet) and Kyaukthinbaw 
Taung (22° 67': 96° 30') (CJhaunggyi-Kyetaiapa sheet) leave little 
doubt as to the intrusive relationship of the syenite towards the 
limestone. The Letnyo Taung limestone is a big chunk of lime* 
stone and catciphyre caught up and folded in with the syenite, 
the whole pitching E. 30° N. Syenite occurs on the eastern flank 
overlying and penetrating the limestone so as to form wedges of 
syenite in the Ihnestone and also occurs as the basement rock below 
the precipitous western face of the spur. A similar occurrence is 
seen on Kyaukthinbaw Taung where the scarp of the western face 
includes thin bands of limestoiie caught up by the syenite intru¬ 
sion. This main syenite occurrence extends north into the 
Chaunggyi valley catchment and north-westwards up the Ber- 
nardmyo road to a height of 6,800 feet. It forms the lower south 
and south-eastern slopes of Taungme (22° 58': 96° 28'); and many 
further occurrences of limestone similar to those noted from Letnyo 
Taung, although not so clear, are found in it. The Bernardmyo 
mass is not so well exposed j it, also, contains a number of minor 
exposures of limestone and calcareous gneiss. 

The augUe- and kortihlmde-granites appear to be a more acid 
phase of the syenitio magma. They are seen in the Kyatpyin 
sheet just north of Yebu (22° 56' 30': 96° 29') and in the Ber¬ 
nardmyo sheet in the vicinity of Kyauksin (22° 57': 96° 26'), 
whilst the pegmatite seen overlying the limestone at the Kyatpyin 
view point (22° 64': 96° 24') also appears to belong to this cate¬ 
gory. 

QmrhUes are found only in the Kabaing sheet, although a 
small exposure of vein-quart*, in the Kyatpyin sheet half a mile 
south-west of Kyauksin has also been mapped. The quartzites 
of ^ Kabaing area are either of a repl^ement or sedimentary 
uatuxe. They occur in association with calcareous gneiss, one 
north 4)i Myainggyi Chaung, and the second mostly on the sou^h 
side of <he Mogok-Thab^itkyin road between miles 46 and 47. 
The first band mentioned passes imperceptibly into calo-granuHte 


« See. M Sutp, ImL, KSY, pp. 61-62 and 86, (1681); and LXVI, pp. 64-66, (1632). 
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at its ttorth-easterly end, whilst the southerly one shows highly 
jointed cliff esiposures, is niore coarse-gmined than the former, 
and includes caviti^ in which sericite and some magmetite are 
pr^ent. 

The limestones^ cahiphyres and calcareous gneisses are practical¬ 
ly always found in association and grade from one into the other. 
There are, however, places in which only limestone is found and 
others in which calcareous gneiss appears alone. At first sight 
they appear to be more or less discontinuous bands following a* 
general E. 30° N. strike, thus conforming to the general strike of 
the ‘ country ’ rocks. But from a survey of the sheets mapped, it 
seems probable that these separate exposures represent once con¬ 
tinuous calcareous strata, the present separation of the exposures 
being due to the combined effects of intrusion by syenitie and 
granitic rocks, of folding, and of denudation. The manner in 
which the plutonic rocks have eaten into the base of the limestone 
is well illustrated in the Uyin Chaung valley, on the south-eastern 
slopes of Chinthe Taung (22° 56' 30": 96° 26') and the north¬ 
eastern slopes of Pingu Taung (22° 54' 30": 96° 25') in the Kyat- 
pyin sheet, wliilst folds are seen in the limestones west of Pankwe 
(23° 1': 96° 31') and Letha Taung in the Chaunggyi-Kyetnapa 
sheet and also in the Mogok valley north-cast of Myenigon. 
(22° 65' 30" ; 96° 31'). An E. 30° N. pitch of the limestones seems 
to point to a similar pitch for the whole area. This pitch is well 
seen at Myemgon and Onbin-Yedwet Taung (22° 56' 40": 96° 32') 
m the Mogok sheet and probably better, west of Kyetnapa (23° 
2': 96° 31') and at Pinpyit m the (Jhaunggyi-Kyetnapa sheet. 
At Pmpyit a heart-shaped mass of granite with accompanying 
pegmatites projects through and is entirely surrounded by either 
hmestone or calcareous gneiss, whilst the scarp at the western 
end of this Pmpyit exposure appears to have been faulted by an 
intrusion. At the base, the limestone suite has been penetrated 
by temgues of plutonic rook, sometimes approaching ht par lU 
injection, whilst breaking across the bedding has in some cases 
led to the isolation and totally inclusion of masses of the limestone 
series. 

In one place in the valley south of Mana (23° 1': 96° 34') 
(Chaunggyi-Kyetnapa sheet) in the stream-cutting, the limestones 
are exposed as a series of bands in which the following alternating 
succession was noted:--* 
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Calc-gneiss or csaloiphyre. 

Limestone. 

liini^oiiei |$itdh Ottt fiitther to tile east and give place 
to <plaftilte^ neaH (itogiOti (25“ 2' i 06° 35'). Ilie petrological 
cksi^ctetistiGd of the UmestOhee * cnlciphyres * arid oalc-gneisseB will be 
found In the Ceriersl tteportS for 1930 and 1931.* 

frof, Adam's ® statement that the limestones and gneissas 
exposed continuously from Thabeitkyin (22° 63': 96° 1') to Mogok 
(22° 66^: 96° 33“*) Sl3!ike north and south is not borne out in general 
in the Mogoh-liiabeitkyiri J^ossibly l^of. Adams made this 

general statOmerit from two or Jhree local exposures or by mistak¬ 
ing pitch for strike. North of ICathe (22° 54' 30": 96° 26'), for 
instance, a north-south strike of the limestone is visible for a short 
distance in the continrious exposure which runs north by east 
though Pyaungfeyin (22° 65' 40": 96° 26' 20"), due east through 
BaWpadan (22° 66': 96° 2t' 30"), and then south of east into the 
Yebu valley. iThe easterly pitch of the Letnyo Taung limestone 
also give this false impression of a north-south strike. 

In the undassified crystailine group of rocks are included ad 
types of such small extent and rapid variation and so much obscur¬ 
ed by weathering and soil cap that it was impossible to map them 
sej»rately. Later when the whole area is completed, it will prob¬ 
ably be possible to show the big mass of the Kabaing granite and 
other imnilar though smaller granitic intrusions separately on the 
map. In general these unclassified crystalline rocks appear to 
be the metamorphosed derivatives of argillaoeous and arenaceous 
sediments which have been intruded along their planes of Schist- 
osity by a series of granites, syenites and pegmatites. Th^ 
ocWBist of biotite-^raxdtes, garnet-granulites or gneisses, gatnet- 
sdlijSUanite-gneisses, and biotito-garnet^sfllimamte-gnefesesj togotiief 
wflitii intruded aplites, pegmatiti* and granites. South of a line 
running B. 30° N. tliffough Hc^ok, the former typ®s appear to ftfe* 
dominato,, whilst north of this line the intrusive rocks play a zmich 
important parti 
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tttid intruded by teind bt ^ginatite. Vtbi, AdMim 

odusiii^^ ^lem to b& a odf * hig^^ Altottdd i^ grltiliti^ 
mentary rdtks.* Mt. B^ineiji reiodtdi^ that the 
of Mogok valley known as Nankaung Taung, and Zala^ Taung 
south-west of Mogok are formed of tkese rocks, tn ihe dnaonggyi- 
Kyetnapa sheet, south-east of the Chaunggjd valley^, garnet- 
hiotito-gneiss ahd garnet-gneiss are predominani Chi ^e nori^ 
side of the Chaunggyi valley, intrusives are more in evidence, the 
tooks Varying from acid to intermediate in oompc^ition And coarse 
to medium in grain, but west and south-west of ZiOtha Taung 
gamet-biotite-gneisses wi^ intruded acid pegmatites again predom¬ 
inate. Some of these garnet-gneisses, which also contain pyrox¬ 
ene, may be analogous to leptynites or garnet-granulites. In 
the south-east comer of the fiemardmyo sheet the promihant mass 
of I'aungme is a biotite-gOeiss intrusion. But between this intru¬ 
sion and the Bernardmyo syenite intrusion, garnet-sLllimamto- 
gneisses occur in local patches.^ 

In the western part of the area the Kabaing granite gives a 
characteristic topography add probably has a Wide exteiision tb the 
north and north-east. This is a distioct biotite-graliite df a 
uniform (^aracter and appears to be the most recent of the acid 
intrusions. 

75. Dr. Sahni continued the survey of the Northern Shan Btatesj 
completing the remaining portions of sheets 93 £/9 and 93 B/14 

« ... and, with the exception of a small area in 

its north-western eomer which lies m Uhmese 
territory, the whole of sheet 93 £/13. The present held season’s 
work practically completes sheet 98 £. 

The foUowii^ succession of rocks is met with in the area surteybd- 

4. Alluvium.Becent to Sub-reoeut. 

3. Nam Yau seri^ , . . , Middle Jorassio (Bathooian). 

2. Plateau Limestone .... Devoman to Permian. 

1. Chaung idagyi series . . . Pre*Cambiian. 

The Ohmnff-Magyis form a belt of varying width striking N. E.- 
B. W. and constitute the oldest sedimentary rocks in the area. 
They consist of grey and j^nrple unfossUiferous sandstones, slates, 

' Siaee tliis went to Press I h^ve visited the Bemi^JUf o traet withOtemand 1 
And that aoiiii of the ganieMlfiaiaiiite-giieissei are idtiicieM inth Shonmuito F. 
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ijuart^tes, and gxejisii wlute pjb^tes and gan&raliy dip at lugh 
anglaa: titey were oonsoderaMy folded and ems]^ before 
overlying formations were deposited. They are pf Cambrian or 
Pre-Cambrian age, being usnally regarded as the latter. 

Tbe OrdoMan and Siltman formations are absent and are 
probably overlapped by Platean Limestone, since further south^ 
these formations have been met with underlying the Plateau 
Limestones in the core of a dome-shaped fold. 

The dolomites of the Phtem Idmestone also form a narrow belt 
of rock with a similar N. K.-S.W. strike. The beds generally dip 
at low angles indicative of gentle folding. The only fossil found iu 
them was a fusulinid aliied to Schwagerim, 

The equivalents of thfi^Mamgau send constitute the most fossil- 
iferous formation in the area and their age is therefore known with 
certainty. Dr, Sahni found a number of now fosailiforous localities, 
wliich yieldsd several lamelUbranolia not previously found in tlie 
area. Tbe list of fossils collected is given on page 21. 

The presence of JSolcoihyris and Burmirhynchia proves a Middle 
Jurassic (Bathonian) age for those beds. 

To the east the Jurassic rocks are brought against the Chaung- 
Magyi series by a fault, whUo to the west they overlap on to the 
Plateau Limestone. 


In addition to the above stratigraphical succession, there exists 
an enormous mass of granite intrusive into the Chaung-Magyi 
series. It forms a part of the Tawng Peng granite and among 
the rook types associated with it are (1) coarse-grained biotito- 
granite, (2) quartz-felspar-porphjny, (3) ^ricite-schist, (4) muscovite- 
granite, (6) mioa-sohist, etc. 


$otttbern Shan Statas. 


76. Mr. V. ,P. Sondhi ^continued the geological survey of tbe 
Southern Shan" States on which he has now been engaged for three 

field seasons; and in the period under report 
he competed the survey of sheet 93 H/1 and 
the greater part of sheet 93 C/16. A short description of the ^ocks 
found in slmt 93 H/1 is included in the paper entitled ‘ The Geo- 
of the country between Kalaw and Taunggyj, Southern Shan 
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States*.* la shaet 63 0/16 ike following look formationa woto 
met with:— 


Allavittm. 

High-level stream deposits 
Upper Plateau limestone 
lower Plateau Limestone 

Graptolite beds. 

Orthoceras beds .... 
Hkawnghpo beds and Thitteikkon mud 
stone ..... 
Mawson seri^ .... 


Recent. 

Sub-Recent to Pleistocene. 
Permo-Carboniferous. 
Devonian-Carboniferous. 
Silurian. 

Do. 

Pindaya beds, Ordovician. 
Ordovician. 


The most important perennial stream of the area is the Zawgyi 
chaung^ which ris^ at the foot of the Pindaya range about a mile 
to the west of Zawgyi village (20° 69': 96° 40') in a largo spring 
with a copious outflow. It enters sheet 93 0/16 at Mongang 
(21° 4': 96° 43') and then follows a north-easterly course for about 
12 miles through a narrow valley before it emerges on to the Lawk- 
sawk plain. The deposits of the Lawksawk plain consist of soft 
sandy clay with occasional layers of pebbles. These deposits are 
being deeply eroded owing to the rejuvenation of the Zawgyi 
chaung and in places the stream has cut a channel to a depth of 15 feet. 

In the Hkawnghpo-Mongang plain, under a superficial layer of 
soft sandy alluvium, there exists a thick deposit of rolled bounders, 
clay and sand, washed down from the high ranges (as yet geological¬ 
ly unsurveyed) to the west, and in the neighbourhood of Mon¬ 
gang the bed of the Zawgyi is littered with these boulders, which 
convey the erroneous impression of having been brought down by 
this stream. Similar boulders are of widespread occurrence in the 
area, and are occasionally found at elevations of from 100 to 160 
feet above the banks of the existing streams. Just to the north 
of Mongang they cover two broad hump-shaped hillocks, and indic¬ 
ate a period of torrential floods in sub-Reoent or Pleistocene times. 

Plateau Limestone occurs in a number of small exposures in the 
south-western quadrant of the sheet, in places resting like a cake 
on top of the steeply inclined phacoidal limestones of older Paleo¬ 
zoic age. The main outlier of this rock formation runs along the 
w^tern boundary of the Mawson-Lawksawk ridge, with, it is 
believed, a faulted junction. It starts at the southern end of the 
sheet in a narrow irregular band that broadens out to its maximum 
width of about three miles in the latitude of Mongang. Gradually 
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IXMtiWiMg li (Mfatbitita Ml titti notdi lot abotit teH mUm beiUiM ft 
dibapp^s under tlie Lawkaawk plain near the north ^nd bl Iho 
Aheet. It is out ohl^bel;)’' by the Zawgyi ckaung. 

Wot ihb pMe>t pkft the rock is dolomitiSed, HiC pure lime¬ 
stones oootlt ih Ibbil patches usually forming crags and knolk, and 
are at places iossiliterous. All traces of onginal bedding has been 
destroyed, so that over long utietches no dips are seen, but when¬ 
ever present they are easterly. 

OthiSf btttiiCrs of the Plateau Limestone were mapped at Wan 
Fupas (21® 12': 96® 6i') extending due south as a narrow wedge 
between tocks of Ordovician age; and at Lawksawk, where they 
fbrin the low hill crested with the Sawbwa’s Haw (Palace)^ and 
the eletated rolling ground to the west of the town. Every- 
tidibre thej' posSess the, uaual monotonous character peculiar to 
this rock formation in pthey parts of the Shan States. 

Hie chief geological interest of the area covered by this sheet 
lies in the rooks of Lower Pdaeowio age which form the Mawson- 
iAiwhsawk ridge and the elevated dissected ground north and east 
of Hkawnghpo (Gaungpho); (21® 9': 96® 41'). In the southern 
adjoinii^ shCbt, 93 D/13, rooks of Lower Palaeoisoic age were split 
up into (1) OrthOceras beds, (2) Pindaya beds and (3) Mawson seritts. 
In the south the outcrop of Orthoooras beds bordering the Mawson 
series on Hie W^t was found to terminate shortly after entering sheet 
93 0/16 where it gives place to Plateau Limestone. It crops out 
again however about two miles further north where some excellent 
sbetions of pink phaooidal Umeiitonc« are seen displaying a genetal 
anticlinal structure. 

The pale fissile mudstones of the elevated ground north and 
ee^t of Hkawnghpo are perhaps the local representatives of the 
Hindaya beds of the southern adjoining sheets but in view of 
oertam lithological and faun^ difierenoes it has been considered 
better to give thbse the local name of Hkawnghpo beds until Dr. 

H. Cowper Beed has completed the examination of the fossil 
collection sent to him from this area. 

The M<»w8on series is represented in the area under report by 
a dark grey^ tabular, and M^y jointed limestone generally tew¬ 
ing a characterisHc pattern of bixi^nish blotches, usually inegidar- 
but sometimes arranged rou^ly in Imes. The bi^trtt 
patoin^ resist denudation much better than the enclosing limestone 
80 iWt ^h0f sti^ mit in smAi hnogul# i^arp ridges or kmte on 
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the weathered surfaca. An analysis of a sample of thafta showad 
tlism to be mostly sj^illaoeons mattet with soma ^so ittUoa. 

There are three distinot outcrops of thoso blotchy Umsstonas 
separated by deposits of mudstone and argillaceous limestone. 
The principal exposure of the argiUaecous limestone hwms the 
Thittiekkon (6,098 feet) range, but does not extend south to sheet 
93 I)/J3; the next exposure to the east pontinujas to the south 
forming part of the highlands north-east of Mawson, wh«re it 
was inapped as a member of the Mawson scrips, On a 4etailt4 
examination of the southern portion of the sheet 93 0/16, ft became 
necessary to separate the argillaceous deposits of this yegton from 
the blotchy limestones and to map each of them as distinct units< 
as in addition to the difference in lithology must now be added § 
fau^a^ difference owing to the discovery of new assemblages in the 
mudstones, which have np forms in common with the assemblages 
so far obtained from the Mawson series. Moreover, structural 
evidence points to a younger age for the argillaceous beds. At 
one place in these beds, about a mile to the south-west of hill 
5,028 feet, a shale bed containing graptolites of Lower ISUurian age 
was found in a narrow syncline. 


All the three outcrops of the blotphy limestones pinch out wifhin 
four miles of the southern end of the sheet and the remainder pf 
the Mawson-Lawksawk range is built mostly of silt-stopes and 
argillaceous limestones. Eepresentatiye fpss|l collectipns fyom a 
number of points over this area have been forwarded to Dr. Cowppr 
Eeod for description. 


77. During the field season 1932-33, the officers working in 
the Northern Circle were Dr. A. M. Heron (in charge), Messrs. 

CIrck. 

Provinces), Dr. P. K. Ghosh (Bombay and 
Central India), Messrs. B. C. Gupta (Bombay and Central India), 
H. M. Lahiri (Punjab), and P. N. Mukerjee (Bombay and Central India). 


78. Dr. A, M. Iforop was in charge of the Noipthprn Circle from 
his reversion to the grade of Superintendent on the l^th November, 
1932, until his departure on leave on the 96th March, 1933, being 
succeeded by Dr. C. S. Fox. He left Headquarters |pr camp on 
the 17th Deeember, 1932, and for the next twP mopths was occupied 
in umppiftg the Vindhyans in the extreme east o| Mewgr (Udaipur 
Stafeh Bajputana, the western lobe of the main Yindhyan area, 
fpf % three weeks^ uptil the begwming pf Mafch^ Dr. Heipop 
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worked let the neighbourhood of Nathdw&ra in Mewar, revising 
certain doubtful points in deld geology, and examining the Vindhyans 
near H^kheri in Bundi State, mapp^ by Dr. A. L. Ooulson. The 
last pmrt of his camp>season was spent in inspecting the work of 
Messrs. B. C. Gupta and P. H. Mukerjee in the Panoh Mahals dis¬ 
trict and the Rewa Kantha Agency, Bombay. 

The Vindhyan area in Mewar had been mapped some fifty 
years ago by Messrs. C. A. Hacket and Kishen Singh and in Tonk, 
Gwalior and Indore by Mr. H. C. Jones in 1912-13 and 1913-14, 
but as Dr. Heron has found it necessary to make considerable 
modihoations in the earlier mapping and as the area has never 
been describe, he proposes to submit a paper on it for publication 
in the Records. 

The results of Dr. Heron’s visit of inspections to North Bombay 
are .given under Petrology" {page 17) and Stratigraphy (page 24), 

79. During the greater part of the field-season 1932-33, Mr. 
E. R. Gee continued the survey of the Punjab Salt Range. The 
D I*!. covered by him during this period in- 

sttge, no} . remaining, north-western portion of 

the Shahpur district and a part of the Mianwali district around 
Kalabagh (32° 57' 30" : 71° 33') represented within portions of sheets 
43 D/2, 43 D/3, 38 P/14, 38 P/16, 38 P/9 and 38 0/12. 

Mr. Gee observes that the stratigraphical sequence is similar 
to that of the area immediately to the east, though, as in other 
parts of the Salt Range, lateral variation is pronounced in certain 
of the sedimentary groups. Of these lateral changes, he notes in 
particular the following :— 

(а) The Purple Sandstones are absent in many sections to the 

south and south-west of Sakesar (32° 32' 30": 71° 56') 
and in the extreme western portion of the Salt Range. 

(б) Although a large part of the Lower Palaeozoic sequence— 

so well represented in the eastern half of the range— 
is noxSSE^y absent in these western areas, an important 
local development of these strata occurs on the west 
side of the Dhodha Wahan near its exit, to the south of 
Sakesar ridge. Here the Purple Sandstones are well- 
developed and are succeeded by over 100 feet of grey 
and purplish shales and dolomitic sandstones apparently 
representing the Neobolus Shale and Magnesian Sand¬ 
stone sedes, whilst kbove the latter is a thick sequence 



FikBT 1.] 


Generai Sepotifor XP^ 


63 


of blood-red Salt Pseudomorph beds. These Salts Pseado- 
morph shales and flags, looallv 200 to 300 feet thick, 
contain cube-shaped j^eudomorphs and are exactly 
similar in lithology to their representatives of the eastern 
part of the Salt Bange. They include bands of impure 
gypsum at the base. 

(c) The Jurassic strata thicken rapidly to the south of Sakesar 
and within the Mianwali district to the north-west. 
Sandstones and shales with numerous bclemnites make 
their appearance between these beds and the lower 
Eocene laterite horizon near Lalumi (32® 32' 80": 71® 52') 
and again around Ealabagh. 

{d) Near MianianwaH (32® 31': 71° 60') north of Golewali (32° 29': 
71® 60' 30"), the basal Triassic limestones are directly 
overkin by a thick conglomerate including many Num- 
mulitic Limestone, some Triassic and some Productus 
limestone pebbles in addition to a few of granite and 
quartzite. These beds are overkin by grey and green 
soft sandstones with orange-brown clays, very like higher 
Siwahk types. These relatively new beds are incor¬ 
porated in the folding and faulting of the area ; they 
indicate that considerable erosion of the Salt Range 
strata took pkce prior to the final earth-movements of 
late Tertiary and snb-Recent times. 

Regarding the tectonics of the areas under discussion, Mr. Gee 
observes that the strata in the scarp-slopes are often repeated bv 
several well-marked overthrusts. In the low^er outcrops of the se¬ 
quence near the foot of the scarp. Purple Sandstones usually 
intervene between the Salt Marl and the Speckled Sandstones, but 
in the higher repeated outcrops they are often missing, the Speckled 
Sandstones resting directly on the Salt Marl. He points out that 
such thrusts sometimes pass laterally into overfolds or fold-faults. 
He notes that along the northern slopes of the Salt Range, the 
Nummulitie Limestone and SiwaUk beds continue to form a sharp 
flexure linking the Salt Range with the Potwar plateau. 

Mr. Gee summarises the geology of these areas as follows: 

(i) The sca^p shpee between Choha and Qolewali. (Sheets 4.3 
D/3, 38 P/14 and 38 P/15.) 

The steep slopes that form the outermost portion of the Salt 
Bange between Choha (32^ 24'; 72® 1' 30") and Goiewaii (32® 29' : 
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71® W iE|ll<^r«p #1 %» Sftlti M»fl, ?TOle Sandstone 

a^ %oo^4 ISaflu^tone aepeii legated hy overthyosting. At the 
top of tile slopes Ishese hedn usually oapppd by tbo Productus 
l 4 |pestQnes. fbe geiieyid stitik# of the roclfs ponforpis with the 
topog®#pby» it being w » goperal westerly direction as far west 
as Warcha (32® 26'; 71® 68'), beyond which it tijyns northtwestwards. 

Higher up the slopes, the strata are thrown into a sucoession 
of antbUn^ and synohnes, often fold-faulted and following similar 
directions of strike. Across these upper slopes the Productus Lime¬ 
stones—'paxticnliBrly the Middle Productus beds—cyop out over wide 
areas, whilst within obtain of the synclinal and oveitbrust structures 
newer beds are involved, c.p.,. within the Barakki (32® 27' : 72® 2' 30") 
and Hanga Miana (32® 26^ i6" : 72® 2' 30^) synolines to the north 
of Phoha, the 8algi Wahan thrust three miles north west of Rukhla 
(32^ 27'; 71® §7'), and the '^oyerthrust synclinal just south of Amb 
(32^ 80^ 30": 71° 66'). Mlltidn these latter tracte, the Triassic, 
Jurassic and Hummulitic beds are exposed. In the Salgi Wahan, 
the hfummolitics are very thin and axe overlain by Biwalik sand- 
stftueSi clays and conglomerates, from the base of which a black tarry 
oil percolates at the surface. Above this Siwalik zone, here also 
very thin, the Productus limestone^ are repeated by thrpstmg. 

The Kanjra range to the north of Amb consists of a complicated, 
fold-faulted synoline of the Productus Limestones followed by an 
equally sharp anticline to the north. 

In addition to these structures, running roughly parallel to the 
general trend of the Salt Range, the area is complicated by anti¬ 
clinal folds and fold-faults aligned approximately at right angles. 
These struoturM usually coincide with the deep gorges that intersect 
the area, so that up these gorges, the Salt Marl, Purple Sandstone 
and Speckled Sandstone beds are exposed for considerable distances. 

Beneath the salt-bearing marl of the Choha an4 Rukhla (Warcha 
Mandi) gorges, and of the gorge just north-east of Patehpur Maira 
(32® 26' 30"; 7^, 64'), thick grey and greenish shales with gypum 
occur. These shales include the bands of |ow-grade oil shale pre¬ 
viously noted.^ The marl above contains thick seams of ropk-salt, 
some of which arc well-exposed in the working of the Warcha mine. 

(ii) The KhhikU^VchhaU P}Qtmu. (Sheets 43 B/2 and* 38 
P/U.) 

Ifw, ItiTr Wlf yt, 4, jp. 414^ 
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The Salt Bange plateau, including the large villages of Ehahakki 
(32® 37': 72® 14'), Naushahra (32® 34': 72® 9') and Uchhali (32® 32': 
72® 1'), consists of a broad alluvial syncline within which the two 
latter villages are situated. This main syncline is followed to the 
north by a narrow limestone anticline, then occurs a second syncline 
filled with alluvium—in which Khabakki lake and village are situated. 
Beyond this second syncline is the broad Hill Limestone anticline 
that forms the northern edge of the Salt Range. In plac^^, on the 
crest of this anticline and down the dip slopes to the north, the 
Kamhals crop out and are succeeded in the lower ground of the 
Potwar plateau by the higher Siwalik horizons. 

Within the above-mentioned alluvial synclinals, in addition to 
the Recent alluvium, what are probably Pleistocene sandstones, 
clays and conglomerates occur, particularly around Bhukhi (32® 34': 
72® 13') and Naushahra. These latter beds rest either on a remnant 
of the Kamlials or directly on the Hill Limestones. They often 
have a steep dip, being incorporated in the folding that has affected 
the older rocks of the area. 

In the numerous narrow ridges to the south of this alluvial 
area, the strata down to the Middle Productus Limestones have 
been thrown into alternating, sheared anticlines and synclines. 
These folds continue westwards into the hills to the north of the 
Kanjra range where they are cut out by the reversed faults that 
run down the right-hand slopes of the Dhodha Wahan. 

(iii) Sakesar ridge. (Sheet 38 P/14.) 

Along the south side of Sakesar ridge, the strata are again affected 
by complex fold-faults, and overthrusts. Above the main thrust, 
the sequence up to the Lower Siwaliks is well exposed. The top 
of the lidge is formed of overfolded Hill Limestones, from beneath 
which the Jurassic beds crop out as inliers in the northern slopes. 

(iv) The Kahhagh-Mari area. (Sheets 38 P/9 and 38 0/12.) 

This area, intersected by the Indus river, is traversed by a 
N.-S. zone of fold-faulting running up the Luni Wahan to the east 
of Kalabagh Hill and continuing to the south of the river neat Mari 
(82° 57' 30' : 71° 35') village. To the east of this line of disturbance, 
Siwalik beds 'crop out in very considerable thickness. This eastern 
area is traversed by a fault running N,-S. near Ainwan (32® 65': 
71® 37' 30'); along this line of faulting, small outcrops of the Salt 
Mari are met with. 



0® Uec<yi48of^0ed(^fM [Vou OCflM* 

Wdhaa—fault v$ ako marked by two pro- 
ndne&t outcrops of tbe Salt Marl with rock-salt. 

To the west of this fauiti the sequence is very complicated. The 
Salt Mari» cropping out in the southern end of ]^labagh Hill and in 
Mad Bill across the river, appears to form a sharp synoline running 
K. K. W.«-6. 8. B. Overthrust on to the ^t Mari of Ealabagh 
MU are relatively tMn Siwahk sandstones and clan’s, capped by 
conglomerates. The latter include pebbles of Nummulitic Lime- 
stoim, Triassic and Productus Limestones. Up the slopes north 
of Ealabagh village, the Productus Limestone beds crop out aa a 
result of faulting. They are followed to the north by Triassic, 
Jurassic^ Kummulitio and Siwalik beds. As a result of considerable 
fold-faulting and shearing, t^e outcrops are compticated. 

60. During the held seaacm of 1932-36, Mr. H. M. Lahiri, contin¬ 
uing-his previous season V jvork, mapped parts of sheets 58 A/2, 

A/5 and A/6, which include portions of 
pu?*l£w!is! Eangra and Hoshiarpur districts. The 

geological formations met with are the same 
as those given for the adjoining country to the south in the General 
Beport for 1931 (page 66). The beds mapped by Mr. Lahiri as 
Easaulis in the previoiw season are now, in the light-of further know¬ 
ledge of the stratigraphy of the area, provisionally referred to the 
Nalagarh stage of the Lower Siwaliks. The overlying ridge-forming 
sandstones previously designated as the Nahans, have now been 
called the Sutlej stage in accordance with Dr. Pilgrim’s unpublished 
maps. 

The Sutlej stage, which on account of the hard and resistant 
nature of its constituent samktones, is responsible for the more 
prominent ridges that traverse the area, such as the Sola Singhi 
and the Jawalamukhi ridges, passes quite gradually upwards into 
the grey sandstone and red clays of the overlying Middle Siwalilm 
and these latter into the Upper Siwalik sand-rock, conglomerates 
and, boulder beda* , 

The Siwalik beds of the area are only sparingly fossiliferous. 
Tha l(»M(ils coUected from the Middle Siwaliks include Dinotherium 
and Bippmon ihsohfMi, The only identihable fostdls 
fiom the Upper Siwaliks are an isolated tooth of Elephas planifBms 
and a tOoih of Epm* A Vnio bed is reported by Mr. Lahiri to 
oUCUr near the boiiAd®^?^ Middle and Upper Siwaliks about 

ik furlongs to the nor^-west of Eandgram (31° 39': 76° 14') in 
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sheet 63 A/2. The s|^cimens of Unto obtained are, however, tcMf» 
poorly pr^rved to allow of specific identification. 

The geological structure in the portions examined of sheets 
63 A/6 and A/6 and in the eastern half of 63 A/2 is essentially 
the same as that outlined in my General Report for 1^1, 

for the adjoining country to the south and south-east. It 

becomes, however, somewhat less complicated northwards on account 
of some of the strike-faults mapped in the country to the south 
dying out in the area under report. The Budsur and Kesori faults, 
for instance, die out near KaJesar (31° 49*: 76° 16') and Sanoti 
(31° 38': 76° 17') respectively. The fault mapped on the left 
bank of the Kunah Khad to the west of the Gumber fault appears 
to merge into the latter near Har (31° 47|': 76° 23') in 63 A/6. A 
new fault which begins from near Satlitta (31° 36' : 76° 16') in 63 

A/6 extends north-westwards into 63 A/2 and separares the tipper 

Siwalik sand-rocks of the left bank of the Soan river from the 
terrace-forming, almost horizontal sands and clays of the Soan 
valley. 

The flat anticline of Upper Siwalik beds constituting the Siwalik 
range in the western half of 53 A/2 is also broken by a strike-fault 
which, however, does not extend northwards beyond Theh (31° 35': 
76° 4'). This fault runs along the north-eastern flank of the range 
not far below its crest ai^ follows a markedly zig-zag course. 

81. A small area which was left unmapped by Dr. Pilgrim in 
sheet 53 A/N.E. was also geologically surveyed by Mr. Lahiri during 

the season. This ground lies mostly in the 
StateJ^^Punfab. ®*****’"*^ Mandi State but partly in the Bilaspur 

State and the Kangra district. The formations 
mapped are the Dagshais of the Sirmur series, the Nahans (Sutlej 
stage) and Upper Siwaliks of the SiwaHk series and Older Alluvium. 
In the southern part of the area, the Dagshais are seen in faulted 
contact with Nahans on the west and these latter with Upper 
Siwalik conglomerates of the Sir Khad valley. Towards the north, 
much of the solid geology is concealed under a thick mantle of what 
Mr. Lahiri has mapped as Older Alluvium. Prom the available 
field evidence, Mr. Lahiri thinks, however, that the two faults noticed 
in the southern part coalesce into one south-west of Bhamla Rest 
House (31° 36': 76" 45'). 

82. From December, 1932, to May, 1933, Mr. Auden continued 
bis survey of the Himalayan Foothills, working in Chakrata tahsil of 
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the Dehm Bun dfetriot and in Tahri Garliwal State on one inoh to 

Dehre Don dittricf sheets 53 F/U and 16, 63 J/3, and half- 

tad T^riOarhwat Slate, inoh to the mile sheet 63 J/N.W. Blaini, 
UfUted Provinces. Infra-Krol, Krol and Tal roci» reappear in 

synclinal form near latitude 30° 30' and longitude 78° O', and 
occur continuously to the eastern edge of sheet 63 J/3. Upper 
Krol limestone make up the whole of the Mussoorie ridge 
from Banong Hill to the Landour bazar. Tal rocks crop out 
on Landour and along the Mussoorie-Tehri mule-track as far 

as mile 6. The characters exhibited by the stage in this 

succession are typical of those already described west of the Tons 
river and call for no more comment. 

Below the Blaini occurs the Jmnsar smes^ which Mr. Auden 
has provisionally divided into three stages, in ascending order:— 

the Mandhali, Chandpur (30° 43' I 77° 40') and Nagthat (30° 34': 

77° 68') stages. The Mandhalis consist of a complex association 
of limestone, grits, slates, phyllites and a boulder bed. The top 
of this stage is taken as the Bansa limestone, which has been a very 
useful mapping horizon. Above this follows the Chandpur stage, 
which is characterised by highly banded quartzites and phyllites, 
with extensive tuffs and occasional lava flows. Intrusions of doler- 
ite are abundant in this stage, and are probably roughly contem¬ 
poraneous with the tuffs. Some of the phyllites are sub-schistose, 
though the rocks can never be called true schists. The Chandpur 
stage has been traced to Nag Tibba (30° 36'; 78° 9'). 

Mr. Auden considers that there is no indication of a thrust such 
as would be required to separate the Mandhali and Chandpur stages 
if the former is regarded as equivalent to the Blaini. 

The rocks of the Nagthat stage are typically made up of quartz¬ 
ites, sandstones, conglomerates and phyllites, of purple and green 
colours, and closely resemble the Jaunsar rocks of the Simla region 
partioulady in the presence of sheared purple conglomerates. 
Boulder beds occ^ high up in the succession, near the Blaini boulder 
bed and limestone. This stage has beeu traced from the Nagthat 
outte as far east as Kaudia (30° 2611: 78° 22'). 

On the north side of the Jaunsar syncline, these rocks are oon- 
Ibtmabjb to the underlying Chandpur stage, but towards^ the south, 
in sheets 63 K/14 and 16, they appear to transgress this stage, 
on Bhadrsj ffiU (30° 28': 77° 67'), to come almost into contact 
the Mandl^ilis. Mr. B. ,B, Oldham mapped the group of 
ro^ ^ete called Nagthat as Mandhali, regar^ess of its position 
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relative to the Chaadpur stage and of its bulk composition. Hr. 
Auden supposes that Oldham considered the almost identical grits 
and conglomerates of the two groups of rooks to be sufficient reason 
to accept their equivalence. Nevertheless, he points out that the 
Mandhali grits occur in a definite sequence, associated with lime* 
stones, and underlying the Chandpur stage, while the Nagthat 
stage is barren of limestones and lies above the Chandpur stage. 
Moreover, the thickness of arenaceous rocks in the Nagthat stage 
is far in excess of that in the Mandhalis. Mr. Auden believes that 
the simplest explanation is to suppose that there are two groups of 
rocks, both containing grits and conglomerates, and separated by 
the intervening Chandpur stage. He considers that towards the 
south there was elevation and erosion of the Chandpur rocks, followed 
by deposition of the Nagthat stage across on to the Mandhalis. The 
recurrence of similar rocks, throughout the geological column of 
this area, remains a puszle. Mr. Auden is disinclined, however, 
to accept repetition by recumbent folding as an explanation of 
such recurrence, since he believes that the dissimilarities of the 
facies associations, regarded as a whole, more than outweigh in¬ 
dividual facies resemblances. The same objection applies to repetit¬ 
ion by thrusting. 

Mr. Auden is confident that the greater part of the rocks at 
Chakrata and Kailana may be correlated with the Bimla slates 
on account of the presence of concretions similar to those in the known 
Simla slates near Chhaosa { 61 ° 0' : 77'^ 6 '). With these concret¬ 
ionary beds are interbedded soft mottled purple sandstones which 
must also belong to the Simla slates. It is possible, however, 
that some of the associated soft sandstones may be JDagshai. At 
JDabra (30® 40': 77® 49'), Nummuhtic limestones have been found 
together with green shales of Subathu type and shattered vitreous 
quartzites, and Tertiary sedimentation may have occurred in this 
region up into Bagshai times. 

These Simla slates with their sporadic Nummulitic beds are 
separated from the Mandhalis by the southward-dipping Tons 
thrust, which has been traced eastwards to Sindhol (30*^ 37'; 78® 06'). 

83. During the earlier part of the season. Dr. P. K, Ghosh com> 
pleted the survey of the Palanpur State in North Bombay eom- 
PaUittlittr State, Mahi- idenced in the previous field season, and also 
kantba Meacy, Md mapped the adjacent area in the Mahikantha 

Bombay. Agency states of Sudasna, Umbn, Bhaliij^ana, 
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Satslaaiia, Hadol and Yalasjas, <m sheets 46 A/0 and 13 and 46 
D/10 and 16; and in the Famntij division ol the Ahmedahad 
distsict on sheets 46 A/ll and 15 and 46 A/10 and 14. 

The lozmations met with w^e ailuvium, the Jaior or Idar granite, 
the Ennpnra granite, calo-schist (Delhi), and fine-grained granite- 
gneiss. The ffranitf’-gnem is found at the boundary of Danta State 
and tbe small states of Umbri and Bhalusana. It is a finely banded 
biotite-granite-gneiss, and agrees in character with some of the 
fine-grained varieties of Mr. N. L. Sharma’s ‘ granitoid and schistose 
gneisses’ described in connection with the geology of the Danta 
State.^ According to Dr. Ghosh, this gneiss is definitely older 
than the Erinpura granite, as it is found as inclusions therein. 
Owing to the lack of exposures, its relationship to the calc-schists, 
the oldest sedimentary rocks of this locality, is not known. Dr. 
Ghosh, how'ever, provisionally regajwls this gneiss as pre-Delhi in 
view of the fact that nowhere in the whole of western Eafputana 
have the Delhis so far been found to be intruded by a granite older 
than the Erinpura granite. Similar pre-Delhi gneiss has been 
found by Dr. A. M, Heron in Jodhpur State, to the north-east. 

84. During the field season of 1932-33, Mr. B. C. Gupta, in 
continuation of the previous season’s survey, worked on the one-inch 

sheets 46 E/12 and 16, F/9 and 13, F/10 and 
CenSi IimHii A^n?y 14, J/4 and 8 and J/2 and 7, the area surveyed 
Md Rewa Kandia Stale* comprising portions of the Dohad and Godhra 

taluks of the Panch Mahals district, portions 
of Jhabua and Alirajpur States of the Central India Agency, the 
Panam valley of Bainya State, Sanjeli State in its entirety and the 
major portion of Lunavada State, all in the Kewa Kantha States 
Agency. 

The oldest rocks consist mainly of slaty, phyllitic and micaceous 
schistose formations in the north, and a Hotiik granitic gneiss in 
the south. The jimction of the schistose and the gneissic forma¬ 
tions is not very well defined: thus no gritty or conglomeratic 
forfiCf^on has been observed anywhere at the junction, which 
has been dlosely followed for a length of nearly 60 miles. On the 
otlier hand, development of garnets has been frequently noticed 
in the phyllitic AravalU schists along their contact with the gneiss. 
Thejtinctionis, therefore, thought to be one of eruptive unconformity. 

The foimatioM of the northern portion of this 

>' V 
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tract have a general northerly strike and are oontimioiis with the 
AravalU formations mapped farther north in Rajputana. 

The gneissic formation near its junction with the Aravalli schists 
generally shows an assemblage of highly foliated biotitic gneiss 
and more or less gneissose granite along with veins of aplite, peg¬ 
matite and quartz. Farther south, however, the complexity gradual¬ 
ly diminishes and the intrusive is a homogeneous, pink or grey, 
medium-grained granite. Discontinuous lentioles of dark amphib¬ 
olite of varying thickness are often found in close association 
with the gneissic complex near the junction. These show an un¬ 
blended contact with the highly foliated gneiss, but are frequently 
intruded and blended with later intrusives, mostly aplites, peg¬ 
matites and quartz veins. 

Subsequent to the formation of the Archaean schists and gneisses 
in the area under review, there has been a big hiatus in the chrono¬ 
logical order. For lying uuoonformahly on these ancient meta- 
morphics are several barely preserved, patchy exposures of infra- 
trappean formations, the best development of which has been 
studied in the Jhabua-Alirajpur area. The outcrops generally form 
horizontal shelves protruding from below the Deccan trap lavas. 
The maximum thickness observed is nearly 25 feet; the usual thick¬ 
ness, however, seldom exceeds 15 feet. 

The Infratrappean series is characterised by extreme hetero¬ 
geneity of composition and variability of thickness of its component 
beds. Instances of considerable lateral variation in the litho¬ 
logical characters of the beds are very common, and it is extremely 
difficult to draw up an accurate section of the series. Tlie generalised 
section may be given as follows :— 


6. Porcellanitio, cberty, chalcedonic bands, often much bi-oc- 


dated 

3 foet. 

4. Siliceous, thick-bedded limestone . 

10 „ 

3. Conci'etionary and gritty limestone 

0 

2. Calcareous grit .... 

3 „ 

1. Calcareous conglomerate 

4^ 


Well preserved fossil lamellibranchs, gastropods and ecbinoids 
have been found in these Infratrappeans. These have been studied 
by Mr. P. N. Mukerjee, who worked in the Jhabua-Alirajpur area 
jointly with Mr. B. €. Gupta. The Infratrappeans of the area 
have been provisionally included in the l^gh beds. 

Overlying the Bagh formations and often resting directly on the 
metamorphic basement, are the lavas of the Deooan ixap. The 
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rock is, as usual, basalt and is either massive or dn^y crystaUiue 
and almost non>‘V<^ioulax. 

No Tertiary formations have been seen in the area. The 
Arohaeans as well as the younger rooks have been irregularly over- 
lain by post-Tertiaiy deposits of Eeoent and sub-Beoent soils, hmhar, 
etc. 

85. Puring the field season 1932-33, Mr. P. N. Mukerjee was 
attached to the Northern Circle and mapped portions of the Panch 
Mahals district and of the adjoining States of the Bewa Kantha and 
Central India Agencies. The ground surveyed is included in the 
one -inch sheets 46 J/2 and 6, 46 F/9 and 13, 46 F/10 and 14, and 46 
F/11 and 15, comprising portions of the Godhra, Kalol and Dohad 
taluks of the Panch Mahals district and portions of Bariya and Chota 
Udepur and Jambughoda . (Namkot) States in the Bewa Kantha 
Agency, and of Jhabua, Alirajpur, and Batanmal States in the 
Central India Agency. 

The geological formations of the area are the Aravallis with 
intrusive granites, often gneiasio, the infratrappean Bagh beds, 
the Deccan trap, and Becent and Sub-Beoent alluvium and 
soils. 

The Aravallis (Blanford’s Champaner beds—see page 24) consist 
of a series of slaty and phyllitic rocks and micaceous schists 
with intercalations of quartzites. Conglomeratic beds, though rare, 
have been nqtioed in Narukot or Jambughoda State. Tourmaline 
is found associated with quartz in veins in the phyllites and schists. 
Haematite-quartz-rock occurs interbanded with phyllites and schists 
in Jambughoda, Chota Udepur, and in the Halol taluk of the Panch 
Mahals. The quartzite beds strike E,-W. to S. E.-N. W, Near 
the northern frontier of the Jambughoda State, there is a thick 
band of limestone, containing tremolite, associated with phyllites 
and schists. This limestone is the western end of the bands mapped 
by Mr, G. V. Hobson in Chota Udepur State. ^ 

The principal intrusive into the Aravallis is a HcMte-granUe 
often; gneissic, ranging in texture from medium to coarse-grained, 
and sometimes porphyritio. There must have been more than one 
intrhisqn as there are instances where the gneissio biotite-granite 
has b^ intruded by normal granite. There is also a younger 
intrusive pliase of p«^gmatites and aplites. The pegmatites some- 
thnes contain books of muscovite and tourmaline. The infra- 

« 3m Ini., UX, Pi U, <1986). 
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trappean Bagh beds which axe well seen in the Jhabna-Alirajpnx 
area consist of coarse, gritty, calcareous san^tones with cherty 
material resting unconfotmably upon the Aravallis and immediately 
underlying the Deccan trap in the Jhabua-Alirajpur area. The 
maximum thickness observed is about 25 feet, but usually is not 
more than ten to 15 feet. 

These beds contain well-preserved marine fossils, lamellibranohs, 
gastropods, bryozoans and echinoids; the following species de¬ 
scribed by Stoliczka £com the Cretaceous of Southern India have 
been provisionally identified :—Frotocardium pondicherimsef d’Orbigny, 
Cardium {Trachycardium) incomptum, Sowerby, Cytli&rea {CalHsta) 
cf. sGudpturaUif Stoliczka, Turritella {Zaria) mvltistriata, Eeuss, the 
first pair belonging to the Triohinopoly stage, and the second pair 
to the Ariyalur stage of the South Indian Cretaceous. 

It must be noted, however, that the accepted correlation of the 
Bagh beds is with the Utatux stage (Albian-Cenomanian) of Southern 
India. If, therefore, the above identification of the four species 
proves to be correct and is corroborated by further material collected 
during the next field season’s work, it would appear that the beds 
of Jhabua and Alirajpur mark a considerably higher horizon 
than the Bagh beds of the more easterly area. 

Overlying the Bagh beds and sometimes resting directly on the 
Aravallis, are the basaltic flows of the Deccan trap, Post-Tertiary 
(Kecent and Sub-Eccent) deposits of soils, alluvium and kankar 
irregularly overlie the Archaeans and the younger formations of 
the area. 


86. During the field season 1932-33 the officers working in the 
Southern Circle were Dr. C. S. Fox (in charge: Assam), Mr. II. 

Crookshank (Central Provinces), Mr. E. J, 
Sout ern irc . Bradshaw (Assam), Dr. J. A. Dunn (Bihar 

and Orissa), Dr. M. S. Krishnan (Bihar and Orissa), Dr. P, K. Ghosh 
(Madras), Mr. D. Bhattacharji (Central Provinces), Dr. A. K. Dey 
(Bihar and Orissa), and Mr. A. M. N. Ghosh (Central Provinces). 
Mr. Bradshaw was transferred to the Burma Circle in March. 


Dr. P. K. Ghosh joined from the Northern Circle in January. 


87. Since the systematic work m the Khasi Hills carried out 
by the late Captain E. W. Palmer in 1920-21, and by Mr. B. J. 

Bradshaw in 1924, the geological surv^ of 
Assam has been in abeyance as fmr as the Geo¬ 


logical Surv^ of India is concerned, although large tracts occupied 
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IffilMilpftlfy by tbe Tertiary formations have been mapf^ed by the 
geologists of the Bnmah Oil Company in Caohar, the Ki^ Hills 
and the Ijaldumpur district. As a resnlt of my visit to the Assam 
oildelds in 1930, a summary of the stratigraphical results obtained 
by the Buxmah Oil Company’s geologists, with amplifications of 
the nomenclature originally introduced by F. ft. Mallet, has now 
been published^ in an important paper by Mr. Percy Evans.* The 
Company prefers to treat the relevant maps as confidential for the 
present. In resuming the systematic geological survey of Assam 
by my Department, it has been decided first to complete the geology 
of the western parts of Assam, namely the Garo, Ehasi and Jaintia 
Hills and their southern frii^es, and then to work eastwards to the 
country surveyed by the oil company’s geologists. 

88. This work has been entrusted to Dr. C. S. Fox, and as the 
area iu Assam still requiring survey is enormous, and progress must 
in many parts be slow on account of the dense jungle, it is hoped 
to transfer to this area additional geologists as they become avail- 
able on the completion of work elsewhere. During the season under 
review, Dr. Fox mapped portions of the Garo Hills and adjoining 
areas of the Goalpara district, whilst Mr. E. J. Bradshaw spent 
some throe months in the Khasi and Jaintia Hills mapping in continu¬ 
ation of his work of 19..3-i;.4, until his transfer to the Burma 
Circle in March, 1933, 

Dr. Fox left for the field on the 19th November, 1932, and re¬ 
turned to headquarters on the 30th March, 1933. His mapping 

was largely confined to the north-western area 
“ of the Garo Hills (sheets 78 G/N.E. and 78 

K/N.W., one inchasstwo miles) and a small area south of Tura (26° 31': 
90° 16') on ifiieet 78 H/8.W. Dr. Fox included in his field work 
the elucidatiou of several reputed coal discoveries in the alluvial 
tracts bordering the Garo Hills in the Goalpara district. These 
supposed coal occurrences ^e marked on some of the old maps in 
the vicinity of l^hulbari (26° 64': 90° 3'), Kajabala (26° 46' ; 
89° 69'), and several jdaces between Singrimari (Halladaygunj ; 
26° 44': 89° 66') and Makrikola (26° 39' : 89° 67'). A brief 
reference to these occurrences has been made in Dr. Fox’s memoir on 
the Lower Gondwana Coalfields of India.* 


1 ^ee. &0a. Svtv, Ini., rSYI, p. 82. (1932). 

*,* ^ a jtftbte fihewii® the Tertiaiy Bnccemaon in 

AaUM *» frana. Min. Geoi. Inat* lid., XavII, m 135>26S, (1082). 
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Dr. Fox has found the following rock formations in the areas 
examined by him :— 

Recent alluvium of the Brahmaputra, Kalo, Galwang, etc. 

Detrital laterite of Goramaragiri, Jinjaran river. 

Older alluvium of Rangapani and hills to south. 

Miocene beds of Rherapara (and Dalu). 

Oligocene (marine) sandstones of Adugiri. 

Upper Eocene (marine) strata of Daraalgiri. 

Sandstones, pipe-clays and lignitic coal of Tura. 

Laterite and kaolinised rock of Cherangiri. 

Dolerite dykes of Singrimari and elsewhere. 

Barakar sandstones of Singrimari. 

Archaean gneisses of Tura and Ranira. 

The Archaean gneisses cover the greater portion of the north¬ 
western area of the Garo Hills and sink into the alluvium of the 
Brahmaputra valley to re-appear as inliers at various places, e,g.f 
Goalpara (26® 10' ; 90® 38'), Dhubri (26° 2' : 90°), and other areas 
to the north within reach of the Himalayas. The highest point of 
the gneisses in the Garo Hills is Nokrek, 4,633 feet (25° 28' : 90° 20') 
on the Tura range. The exposure at Dhubri is at about 120 feet 
in the Brahmaputra bank below the observatory. The rocks consist 
of a complex of pinlc granites, which appear to be intrusive in an 
older series of banded gneisses, hornblendic rocks and other foliated 
types. No trace, however, has so far been found of the corundum¬ 
bearing sillimanite-rocks last seen in the Khasi HUls area about 
Nongmaweit (25° 40' : 91° 4') in Nongstoin State. ^ 

In view of the presence of Gondwanas in the Darjeeling and Assam 
Himalayas to the north and in the Peninsula to the south-west, it has 
long been a matter for surprise that no Gondwana rocks have 
been found resting on these gneissic foundations in the Assam plateau. 
It is consequently a matter of considerable interest that Dr. Fox 
has found Vert^aria indica in the carbonaceous shales, with 
lenticles of vitrainised coal, and is associated with the sandstones 
and grits of Singrimari. The exposure there has long been known 
to be a possible coal-bearing site, but the rocks were regarded as 
of the same age as those of Tura, and the so-called Cretaceous 
coalfields of Daranggiri (25° 27'; 90° 46') in the Garo B5Ils and 
Mawbehlarkar (26° 24': 91° 46') in the Khasi iplls. On the evidence 

1J, A. Dum», Mm. Oedk Swv. Iwd., m, Pt. 2, pp. ISt-lST, (1929). 
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oi ^ pknt fosjsils it is cleair thAt the Siugrimari sandstones belong 
to the liowec Gondwanas. Br. Fox has assigned these measures 
to the Bmakar series on the analysis of the coal which shows a 
proportion of volatile matter to fixed carbon of 17 to 40, This 
ratio is most nearly satisfied by the Lower Barakar coals of the 
Jharia field. Another factor of interest in this respect is the pre¬ 
sence of dykes of dolerite cutting the beds near Singrimari. The 
Singrimari measures dip gently westwards under the alluvium of 
the Jinjaran river. They contain no workable seam of coal, but 
they demonstrate quite clearly the extension of the Lower Gond¬ 
wanas into Assam, while the analysis of the coal sugg^ts that a 
great thickness of these Gondwanas originally occurred in this 
locality. 

The dolerite dykes seen cutting through the Singrimari sand¬ 
stones are petrologioalty' identical with the dolerites and basaltic 
lavas and dykes of the Bajmahal Hills and the Deccan trap. Similar 
dykes are found throughout the gneissic areas of the Garo Hills. 
They occur on Samding Hill near Phulbari and between Dibru 
Hill and Paham (25° 65': 90° T) and other places— e.g., Eong- 
machokgiri (25° 48' : 90° 4')—^in the north-west; again they are 
seen on the way up from Tura to the top of the mountain behind 
Tura. Dr. Fox had found similar dykes in 1931 at Songsak (25° 38' : 
90° 37') during his traverse from Damra (25° 66': 90° 47') to Bagh- 
mara (25° 12'; 90° 39'). The exposure at Singrimari has revealed 
the fact that these dolerites are newer than the Lower Gondwanas. 
It is also clear from exposures on the road north of Tura that these 
dolerites are older than the Tura sandstones, which, it is suggested 
below, are Lower Tertiary in age rather than Upper Cretaceous as 
previously supposed. The interval between the Lower Gondwanas 
and the Lower Tertiary is characterised by two sets of basic erupt¬ 
ions, the Eajmahal trap and the Deccan trap, and these Assam 
dolerites are presumably the equivalents of one of these. 

LgIt&rUe and kaoUnised rock occur in the hills east of Eongma- 
chokgiri and near Cherangiri. Along the motor road from Phulbari 
to Tura it becomes clear that the Tura sandstones overlie the 
laterite, which in turn covers kaolinised gneisses and eveif the 
basalt and dolerite dykes. The great laterite-forming period in 
India is known to have begun early in Bocene times. This laterite 
horiaon is well established in western India, and in the north-west, 
at the base ^ UlS senes. Di. Fox is thus inclined to the 
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view that the laterite horizon of tho 6aro Hills represents a Ter¬ 
tiary land surface. If this lateritic zone he taken as Lower Eocene, 
it follows that the Tura sandstones,' pipe-days and lignitic coals 
are younger, and cannot therefore be tipper Cketaceous in age 
as has hitherto been believed. 

The Tura series^ as Dr. Fox calls the sandstones with coal and 
carbonaceous shales and basal pipe-clay beds, is best studied near 
Tura. It was thought that these beds were undisturbed in this 
locality; but they are evidently faulted against the gneisses of the 
mountain to the west of Tura. Also, on the Dalu road about three 
miles south from Tura they are seen inverted, with the gneisses over 
them. Dr. Fox had previously found the same rocks with the coal 
seams of Siju in the Simsang valley, also inverted. Dr. Fox gives 
reasons for suggesting that these Tura sandstones may be of Eocene 
age. The Tura beds have previously been correlated on petro¬ 
logical and other, but not on fossil, evidence, with the Cretaceous 
rooks of the Cherrapunji-Theria Ghat area. The correlation is 
particularly with the Cherra sandstones, which were thought to be 
the uppermost of the three Cretaceous divisions originally recog¬ 
nised in the Khasi and Jaintia Hills.^ The descriptions of these 
beds show, however, that there is room for doubt about the group¬ 
ing of the topmost (Cherra sandstones) with the underlying Creta¬ 
ceous. The area has not been carefully examined since, but will 
be mapped by Dr. Fox in the next- season. It may be mentioned 
that Mr. P. Evans of the Burmah Oil Company has not been able to 
accept the lowest coals of the Mto HiUb^ as older than 
Tertiary. 

The Upper Eocene marine beds with nmnmulites are the west¬ 
ward extension of the Sylhet limestones, but the massive limestones 
gradually get thinner and thinner, until they are hardly recognisable 
in the stream under the bridge about the 6th mile from Tura on the 
Dalu road. Their rusty representatives are last seen about Damal- 
giri (26° 32': 90° 8') ten miles west of Tura. The beds consist of 
nummulitic limestones passing into sideritio clayey limestones, fuB 
of foafiils, with interbedded grey and carbonaceous shales and sand¬ 
stones, often with leaf impressions, fossil wood or other plant re¬ 
mains. These beds appear to pass down quite conformably into 
the Tura series, and upwards into a series of rusty sandstones with 

B. Medhcott, Mtm, Gevl, Svrv. VII, pp. 160,171,181 and 183,(1871). 

» frmt. Min, QeiA. In«i, Ind,, XIIVII, p. 168,(1032). 



78 


Records of Qmhgmd Bmve^ cf India. [ Voi«, 

the casts aad impxessicnB of marine lamellibrancli shells. The beds 
cleazly extend far westwards, but as they have become less fossi- 
liferoiis and more argillaceous it is difficult to recognise them with 
certainty near Garobadha (26® 35': 90® T). Eastwards they are easily 
traced across the Simsang and so to the Khasi Hills. They are 
found in the Upper Simsang behind the main Tuia range on the 
coal measures (Turn series) of Daranggiri. All along the southern 
side of the Tura range close to the gneisses, it is quite clear that the 
strata have been bent and folded. Mr, P. N. Mulcerjee has examined 
some of the fossils brought by Dr. Fox from near Marakapara (26° 26' : 
90® 16') and other places south of Tura and considers the assemblage 
of about the same as those of Lower to Middle Kirthar and faunist- 
ically related to the Yaw stage of Burma. 

The rusty sandstones overlying the nummulitic beds occur in 
the neighbourhood of Adugiri (26® 26': 90° 13'). Some of the 
poorly preserved impressionB and casts of lamelUbranchs from these 
beds Imve been studied by Mr. A. M. N. Ghosh, who considers 
that they represent forms which occur in the range from Yaw stage to 
Gaj. The fauna is closely similar to that found in the Nongkulang 
Hill sandstones.^ These Adugiri marine beds are therefore possibly 
OUgocone in age. The whole of these strata—Adugiri and Nummuli- 
tic—is cut sharply by a W. N. W. to W. by N. south-throwing fault 
near Amongpara (25° 21': 90° 13') a mile north of Kherapara bunga¬ 
low on the Tura-Dalu road. The beds to the south dip steeply 
southward and consist largely of soft sandstones, but no fossils have 
yet been found in them except plant impressions. They appear 
to occupy a lower stratigraphical position than the beds containing 
marine fossils found near Balu, which are from fossil evidence 
regarded as Lower k> Middle Miovme in age (Buidigaliau), so that 
the beds near Kdierapara may be basal Miocene. Dr. Fox’s work 
did not bring him into the Dalu^ area, so that the next higher form¬ 
ation mapped by him is t^e Older Alluvium—^laterites, and soft 
red sandy beds with hard ferruginous masses—of Rangapani (25® 33' : 
89° 64'). These deposits cover a large area south of Rangapani 
and even occupy the hills in that *'tract. Finally, bordering the 
north and north-west corner of the Garo Hills are the Recent allu¬ 
vial aocumulalions of the Brahmaputra, the Jinjaran, the Risggi, 
Galwang and Kalo rivers. 

^ M* Veedeaberg, Rise, QeeU 8wv. Ind,, p, 4921), 
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Dr. Pox states that in many cases he has travca-aed areas prev^* 
iously examined by either Mr. T. D. La Touche in 1885-87 or 
by Idr. H. B. Medlicott several years before then, but this was 
necessary for connected work. His surveys have not progressed 
far enough for the making of any but general remarks, but it seems 
clear that the presence of the Turn beds with coal and overlying 
Nummulitio limestone in the Upper Simsang valley north of the 
axis of the Tura range points to block faulting. There is accumulat¬ 
ing evidence that the whole region is traversed by such faulting, 
with north of west and east of north as the two main directions. 
The old pre-Tura lateritised surface has a northerly dip and this 
may indicate a corresponding tilt of the blocks of gneiss. Outliers 
of the Tura beds (sandstones with lignitic coal) are found in several 
places north of the Hangira hills, and it is from these exposures 
that the rounded pieces of bright lustrous coal found in the alluvium 
of the Kinggi, the Galwang and Kalo rivers, are derived. This 
means that the northern limit of the Tertiary (Eocene) deposits 
corresponds almost with the present northern edge of the Garo Hills. 
Dr. Fox regards the several outliers of the Tura series as remnants 
of fiuviatile beds of the Eocene epoch laid down on wide muddy 
flats on a shelving coast with the open sea to the south and south¬ 
east. The main point is that the Assam range was probably under 
water during the deposition of the Tura beds. 

89. During a period of some three mouths from the beginning 
of December, 1932, imtil early in March, 1933, Mr. E. J. Bradshaw 

continued the geological survey of part of the 
Hllb!*** ***** J**”®* Khasi and Jaintia Hills, Assam, which he had 

commenced in the latter part of the field 
season of 1923-24.^ He completed the survey of the southern half 
of sheet 83 C/N.W. on a scale of one inch to two miles. 

In the area surveyed the following rock systems and formations 
are exposed :— 

4. Shillong series. 

3. Granite. 

2. Epidiorite intrusions. 

1. Cretaceous. 

The rocks of the ShiHon^ scties are typically arenaceous and 
comparatively youthful in appearance when undisturbed: but in 

1 Jiee, Geoi, Svrv. Jnd., LVIII, p. 38, (18S6-26). 
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the neighboTirhood of granite or epidioritic intrusions they are 
metamorphosed into qnartzvschists, mica-schists, and phyllites, The 
qnartzites are often shattered, with obKteration of the structure, 
and it then becomes extremely difficult to map the boundary between 
the granite and the quartaite. The resulting boundary is ex(»ed- 
ingly intricate and contrasts sharply with the more usual type 
which flows for long distances in smooth curves with scarcely an 
indentation of the granite into the metamorphic series. 

Mr. Bradshaw does not consider that in the area mapped by 
him there is sufficient justification for separating the intrusive 
fframte from the granite-gneiss, and considers them identical. The 
granite is definitely pre-Cretaceous and is younger than the rocks of 
the Shillong series, into which it is intruded. Though there can be 
little doubt of the intrusive nature of the granite it is curious how 
seldom it is injected into the rocks of the Shillong series. Interfoliar 
injection was noticed in one’ or two places, but on the whole there is 
remarkably littiie direct evidence of energetic intrusion; there is a 
very free development of mica close to the boundary, but this 
feature is not peculiar to its neighbourhood. 

There is a considerable development of epidioritic rocks (Medli- 
cott’s Khasia greenstone^) within the area surveyed by Mr. Brad- 
ehaw, one outcrop covering some twenty-five square miles of country. 
As is the case with the granite, there is little difficulty in deciding 
that the epidioritic rocks are pre-Cretaceous and that they are 
intrusive into the rooks of the Shillong series, The relative age of 
the granite and the epidiorite is, however, still obscure. In addi¬ 
tion to coarse epidiorite, Mr. Bradshaw noted the occurrence of 
dolerite, which is defijiitely younger than the granite but is not 
necessarily contemporaneous with the epidiorite. 

Mr. Bradshaw does not regard the age of the outliers that have 
been classified by him, and by previous observers, as Cretaceous 
as having been definitely established. He points out that the rocks 
are unfossiliferoiis and that the correlation is based on Hthological 
and structural affinities between these and undoubtedly Cretaceous 
sta:ata further to the south. The rocks are mainly horizontaUy- 
bedded sandstones with conglomeratic or felspathic basal beds, 
sometmKW resting with marked unoonformiiy upon the upturned 
edges of the rocks of the Shillong series, and at othec times including 
the weathered remains of the underlying granite. 


s Mm* Gtdi, VII, p. 201, (1809). 
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90. IRie ofl&eeis worktag in Bihar and Orissa during field 

, season 1932*83 were Dr. J. A. Dtnm, Dr. M. S. 

Knshnan, and Dr. A. K. Dey. 

91. During the field season Dr. M. S. Krishnan continued his 
systematic mapping of the Gangpar State and adjoining tracts of 

Qangpur and Bamra Orissa and completed sheete 73 

State* ; Ranchi and B/S. E. and 73 B/S. W. In addition, he 
SinKhbhum distiict*. mapped a small area to the south of 

Manoharpur {22° 22' 30": 86° 12') in the Singhhhum district, com¬ 
prised between latitudes 22° 17' and 22° 22' and longitudes ^° 20' 
in sheet 73 F/7, and between latitudes 22° 17' and 22° 21' and 
longitudes 86° 12' and 86° 15' in sheet 73 E/3 in order to com¬ 
plete the map of South Singhbhum, 

In sheet 73 B/S. W., an unmapped portion in the south-east 
corner, lying in the Bamra State, was finished. The part of Ranchi 
district falling in sheets 73 B/S. W. and 73 B/S. E. was also com¬ 
pleted. 

In the Bamra State the rocks are mainly mica-schists and 

micaceous quartz-schists with some lenses of amphibole-schist. All 
these are penetrated by veins of pegmatite and coarse granite. 
Some of the hornblende-gneisses found here seem to be hybrids 
between the basic and acid rocks. 

In the Ranchi area, the western half consists essentially of 

granite and the eastern half of mica-schists. The line of separat¬ 
ion between the two trends W. S. W. from Tikra (22° 30': 84° 
43'). The granitic area, which forms the southernmost portion of 

the Ranchi plateau, shows bands of unfoliated as well as of foliated 

gneiss. The latter is a composite gneiss derived from the intimate 
penetration and partial assimilation of the schists by the granitic 
magma. The eastern portion consists of mica-schists with a number 
of bands of epidiorite and amphibolite. AU of these have an 
E. N. K.-W. S. W. strike of foliation with the dip to the S. S. E. 
When followed in a W. S. W^. direction, the whole seri^ is found 
to thin down considerably, because of the high compression to 
which it has been subjected. 

In tlw report fat the previous season^ the name Qangpur 
series was suggested for the succession found in the antielmorium. 
The anticlinorium is in fact a highly compressed, elongated dome¬ 
shaped structure. The southern boundary of the series was taken 

A Bee. Geol. Sms. Ini., UCVH, p. 84. (1933). 
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m json Bheaied ^oj^lomeiate and quarfes^mslii^ passii^ 

otigji E^g^unailipali (22® 14': S4® 48") and traceable as far 
west as AimasiaDga (22® 1": 84® 11") aad as far east as daraikela 
(22® 19": 86® 6") and Kolpotka (22® 21" 30"; 86® 6" 80"). The 
nertberii; limit is less distmot» but can be dxed along tbe zone 
eJCfceuding from Sadbumunda (22® 22": 84® 27") through Amko (22® 
26": 84® 87"), Bansjor (22® 26": 84® 43") and Potob (22® 26": 84® 
58^). Along this zone there are some thin impersistent beds of 
quartzite, which may possibly represent the same zone as the 
sheared conglomerate on the south. On the west and north-east 
the conglomerate and quartzite zone becomes unrecognisable, but 
the behaviour of the older beds, such as the marbles and the 
carbonaceous phyllites, leaves little room for doubt that the 
Oangpur series forms a closed dome, except at the south-western 
epd, where only the upper ihombers continue on to Ghoriajor and 
beyond. The series to its .north in Kanchi district is considered to 
form the upper part of the Iron-ore series, being made up of mica- 
schists and epidiorites. 

In the Sittghbhum area, the south-east corner which forms 
a spur of Budha Buru consists of banded haematite-jasper. The 
rest of the area shows phyllites and mica-schists with intercalat¬ 
ions of basic lava flows. This is in direct westward continuation 
of the area mapped by Dr. L. A. N. Iyer in 1926-27, an account 
of which is given in the General Report for 1927 (page 99). The 
phyllites are of a higher grade of metamorphism than those found 
further east. The basic flows are now epidiorites consisting of 
actinolitic amphibole, zoisite, basic plagioclase, quartz and sphene. 
A few lenses of carbonaceous phyllites are also found in this 
region. 

92. Dis. J* A. Dunn and A. K, Dey continued their survey of 


Dhalbhum, the eastern subdivision of Singhbhum, from where they 

tMU At ^ geological examination 

mtmmi «.trict. completed and it now 

remains to sbivey neighbouring portions of Mayurbhanj State, 
s^^d Midnapore to complete the maps for publication. 
'ih« t?oc3ra in Dhalbhum may be divided stratigraphically as 
folktWtti^r^ 


8; ABu^rium. 


7. Daterite. 
e. Grits gi^avels (? Late Tartiary)* 
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6, Newer Doleiites, oftea lusaEtiaed. 

4. Granite, granoptyxe. 

3. Diorite. 

2, TJltrabaeio igneous rooks, gabbro (late intrusive phase of tbe 

Dalma suite). 

1. The Iron-ore series, with Babna volcanic flows at the top. 

This general succession is similar to that already established 
in western Singhbhmn. The diorite is an early basic phase of 
the granite not previously found in other parts of Singhbhum. It 
is usually rather fine-grained and grades to a hornblende-grano- 
diorite and granite. The granophyre also grades to biotite-granite, 
and there is a possibility that two distinct periods of granite intru¬ 
sion are represented in Dhalbhum. 

The grits and gravels, described as Older Alluvium on the old 
maps, represent the western edge of the coastal deposits. They 
have taken part in certain differential movements subsequent to 
deposition. The amount by which the granite and schists plains 
have been denuded, since uplift, by the rivers which are flowing 
practically at base level, has suggested to Dr. Dunn a late Tert¬ 
iary age for these depoints. In the absence of fossil evidence, 
however, this suggestion can be regarded only as a hypothesis, and 
this typo of argument applied to other parts of India might result 
in extensive tracts of Older Alluvium, known from their fossil con¬ 
tents to be Pleistocene, being treated as of Tertiary age. 

In Dhalbhum the successive stages of the /row-ore series may 
bo grouped as follows:— 

4. Dalma flows. 

3. Quartzite, which in the north and west is only a minor 

phase interbedded with phyllite and mica-schist, but 
becomes the dominant type to the south-east. 

2. Chloritio phyllite and mica-schist, often ferruginous, with 

tuffs and interbedded flows, occasional sheared conglom¬ 
erate and arkoso; banded quartzite and chert especially 
near the base. 

1. Mica-schist and phyllite with intercalated quartz-schist and 
quartz-^anulite. 

Only the middle to upper part of the Iron-ore series orbps out 
in Dhalbhum, the basal conglomerate and lower shales of western 
gtmghb hmn not bemg represented. Oembining the 2 sone 8 found in 

G 2 
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fioutli a&d noTt^ Sin^blmm Ai^d in DltalbliuiQ, tihfi Mbimg is 
«om|rl6t« ss^uence from top to bottom of tlm Iron-om series;— 

7. Balpas lavas. 

6. Qoarfczite (oceasional eonglcanerate at base)—impereistent* 

0 . Pbyilitos with tttffs, lavas, limestone, conglomerate, quart- 
site—metamorphosed over hw^e areas. 

4f Banded h^tnatite-qnartz^te. 

3. Shales, phyltitce, mica-sdbisle. 

2 , Limestone—impersistent. 

L Basal sandstone conglomerate. 


®be zones are not sharply defined. No. 1, the basal sandstone 
and conglomerate, sometimes contains thin beds of shale. No. 2, 
limestone, is foimd only locally south of Chaibassa, and is separated 
from the basal sandstone by a thin zone of shale. No. 3, shales, 
etc.,- contains sandstone beds apd occasional calcareous beds. No, 4, 
banded hematite-quartzite, ‘ is also found at different horizons in 
No. 0 zone. In many places No. 3 zone passes gradually into 
No. 0 zone. No. 6, quartzite, frequently contains intercalated 
shales, etc., and there is often a phyllite zone between it and the 
overlying lava flows of No. 7 zone. 

The interbedded conglomerates of No. 6 zone Suggest accumula¬ 
tion of the tuffs and flows under subaerial conditions. The con¬ 
glomerates often contain pebbles of rock similar to the beds with 
which they are interbedded. Contemporaneous partial erosion of 
the Iron-ore series beds took place during their accumulation. 

93. During May, 1933, Dr. A. K. Dey spent three weeks in the Keon- 
jhar State to complete the geological map of sheet 73 G/9. This 


K«onlbar State. 


piece of work was necessary for incorporating 
in Mr. H. Cecil Jones’s memoir on the iron- 


ore deposits of Bihar and Orissa to be published shortly. The area 


examined was found to consist of granitic rocks traversed by basic 
dykes and having some sfimll inclusions of Older Metamorphics. 

The office working in the Central Provinces were Mr. H. 
eSfOo^ahank, Mr, D. Bhattabharjee, and Mt. A. M. N, Ghosh. Before 
his d<^arture on long leave in 1931 Mxl Crookshank had virtually 
‘ ^ ^ , completed the re-survey of the northern por- 

Ce V ncc$. ^ gatpura region including the Pach- 

maihi Consaqueiitly on his zetum from leave it was possible 

to commence »n attai^ upon the considerable blank in our geeflog- 
M m Bastue^ Stabe api the a^tmdng porrioi^ of the Ma#as 
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Presidency* Ho officers of tltk De|)artixieiit lutd vkited Bestar 
since Mr. P. H. BtMse, wjho surveyed jportiona of Bastar State in the 
field seasons of 1898-1899’^ and 1899-1900,® Mr. Oml^ank ecan- 
menced work in Bastar State in November 19S2. Daring ihe field 
season Mr. A. M. N. Ghosh was attached to the Percy Siaden Trust 
Expedition conducted by Dr, C. A. Matley for collecting remains 
of fossil reptiles from the Lameta beds in the Jubbulporo district. 
The results of this work are discussed under Palieontolc^. 

96, During this field season Mr. Crookshank completed the 
mapping of one-incK sheet 66 F/9 and 13, except for a small part of 


Bastar State. 


the north-east comer, and the portion of sheet 
66 J/1 and 6 lying between the Kaingar river 


and the eastern border of Bastar State, The whole of this area is 


comprised between latitudes 18“ 46' and 19“ 0' and longitudes 
81“ 30' and 82“ 10'. 


The following are the rocks mapped arranged according to their 
in so far as that is known:— 


Reaent.Soils, alluvium, grite, etc., from old river 

terraces, 

Cuddapah .... Shales, limestones, and quartzites. 

Greenstones .... Including ancient siils, Bows and dykes. 

Quartz-breccias, granites . . Including associated pegmatites, aplites, 

etc. 

Dharwarian rooks;— 

Bengpal series . . . Andalusite-gncisses and quartz-schiste. 

Iron-ore senes , . . Hematite-quartzites, grunerite-garnet- and 

cordieiite-gneisses, etc. 

Quartzites .... Bcheved to be ancient sediments. 

The Cuddapahs are a non-fossiliferous sedimentary series lying 
more or less horizontally on the upturned edges of the older rocks. 
The name Cuddapah is retained, as it has been used in the new 
32-miIe map of India, but, according to Mr. Crookshank, the lithology 
of the rocks and their freedom j&pom intrusions of any kind suggest 
that they may bo Kurnool rather than Cuddapah. The same 
remarks would apply to the Raipur limestones and Chandarpur 
sandstones of the Chhattisgarh basin, with which P. N. Bose re¬ 
garded the Bastar rocks as equivalent; and it must be regarded 
as an unsettled point in Indian stratigraphical correlation whether 
these comparatively unmetamorphosed Purana rocks are to be re¬ 
garded as Cuddaptdi in age, or the equivalents of the Kumoois or 


‘ General Reftort fo* 1888-1808, p. 36, (1888). 
* General Report for 18884800, p. 40* (1800). 
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Vitt^y^ns. C^tade of metamorphism proves fioqueaMy to 
ho a aiisfoaing ositorion in tlie oorrelatJon of fihe pie-Oaiabrian 
crooks ol India. 

Basie gremstone dykes are found intrinJed in all tk© rooks in 
tk© area mapped, except the Cuddapahs. They vary in size from 
mimite veins to dykes ten miles long and 2(W yards wide. The 
natuie of the rookB of whioh they are composed depends to some 
extent on the degree of metamorphism to which they have been 
exposed. In coame-gramed types the ophitio texture of dolerites 
is sometimes preserved, and patches of augite have occasionally 
survived, and may now be seen in the centre of large hornblende 
crystals. More often all trace of the original minerals and texture 
has disappeared, and the rock now consists of large prismatic horn¬ 
blende crystals in a matrix of granular quartz and felspar. 

The flows are similar to i|ie dykes, but finer grained with quartz 
amygdales and open cavities. They are found as cappings to hills 
and ridges in the south-western part of the area mapped. 

The sills are lithologically similar to the dyke rocks, and occur 
as very large intrusive sheela especially in the rooks of the Bengpal 
series in riie south-western portion of the area mapped. 

True quartshbrecdas occur in a number of places in the granite 
and indicate post-granitic faulting. Quartz-breccias are also formed 
by the replacement of greenstone dykes by quartz. Usually these 
can be distinguished, as the greenstone is rarely completely replaced. 

Over the greater part of the area mapped, especially in the 
western part of it, granite is the foundation in which aU the other 
rooks are set. It generally underlies flat country, but it is some¬ 
times tough enough to form rounded hill masses and irregular tors. 
In typical localities it is a rather coarse binary granite with little 
or no sign of foliation. But, in the vicinity of ridges of any of the 
other rocks it is, however, frequently foliated and banded. Around 
the edges of the older sedim^tary rooks it has digested such foreign 
matter, and is nsiiji^y very biotitic. Close to the hematite-quart¬ 
zites ^it often oont^m oor^brite as well, 

' Begmatites are intruded in all the pre-Ouddapah rocks. They 
are prol^ably a final product of the cooling granite. Some of them 
are much younger than the main granite mass, for they have^cut 
the greenstones, which are themselves intrusive in the granite. 

Older than the ^anitos are numerous rocks of Dhart&arian 
tygo, and probable aedlmentaiy ori^n^ These Hr. Orooktdiank has 
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divided into thxee seoldons, tbe lektionsiilps ci wldoh to one an* 
other are nJiknown. 

Overlying the granite in tiie eonth-east of the map and some¬ 
times intruded by it is the first of these, an aneient sedimentary 
series which Mr. Oiookidiank terms the Brngpol series after a village 
situated in the centre of the area where it occurs. In the course 
of field work this series was roughly divided into two, the andalua- 
ite-gneisses and the quartz-schists. These pass imperceptibly into 
one another, and it is believed that the differences between them 
are due to the different degrees of metamorphism to which they 
have been exposed rather than to any difference in the nature of 
the original deposit of which they are the metamorphosed pro¬ 
ducts. 

The andalusite-gneisses everywhere abut on the granite. Their 
highest grade of metamorphiam is reached near the contact, where 
such minerals as sillimanite and garnet are fairly common. On 
leaving the borders of the granite first silMmanito disappears, then 
garnet; finally andalusite becomes scarce, though it is never entirely 
absent. 

The quartz-schists are fine-grained rocks composed essentially of 
quartz, biotite and muscovite. Andalusite and iron-ore are also 
present in very many oases. In the hand-specimen these rocks 
greatly resemble fine-grained micaceous sandstones, but the method 
of arrangement ,of the mica and, the absence of rounded quartz 
grains show that they have been completely reorystallised. The 
name quartz-schist is not intended to signify a parallel arrangement 
of tho mica fiakos. 

The second section of these Bharwarian rocks is the hematite- 
qmrtziteSf which crop out to the west of the Bongpal rocks. The 
connection between the two is uncertain, but it is possible that 
the former are the basal members of the latter. They lie directly 
on the granite and have been extensively dissolved in it. Their 
thickness is always small, and they are always metamorph<Miod. 
In typical cases a rough zoning can be recognised. At the centre 
occur the banded hematite-quartzites. These are more or less 
surrounded by griinerite-gneisses, due it is thought to the thermal 
metamorphism of the quartz and hematite. Outside this zone 
rooks containing gritnerite, cordierite, biotite, muscovite, and quartz 
are developed. These are believed to be hybrids between hematite- 
quartet^] g^ranite. Furtber out still the grfinerite disappears, 
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loUow^ ,hy coidieri!te>, tmd tally iSKmiml granite i» retanti* 
Cftai&t |» often abundant in aU tjiese rocks, bnt does not Seem to 
be nsui(4 atated in tbe oonxse of metamor^bism. 

Genuine strefle mineraki sueb as stanrolite or kyanito are wry 
iraie in the pre-Ouddapah rocks. It is inferred that the metamor- 
phisin has tan primarily thermal. This conclusion is also sup¬ 
ported by the textures of the various rooks examined. There is 
evidence, however, of a later dynamic phase with resultant regressive 
metamorphism, for serioite and chlorite have extensively replaced 
all minerals fonned at the period of maximum thermal metamor¬ 
phism in Ihe pre-Cuddapah rocks. Ottrelite is also commonly 
developed in the Bengpal series, wherever garnet has been seric- 
itised. 

The third section of the ol^ rocks is seen in the very large ^mrt^ 
Ue ridges that occur in seVei^al areas. The rocks of which Ihese 
ate formed are mainly granular and crystalline quartzites, but 
locally chloritic phylUtes replace the quartzites to some extent. 
Judg^ from their uniformity, and the size and continuity of their 
outcrops the granular quartzites are probably altered sediments. 
The coarsely crystalline quartz is, however, mostly secondary. The 
relation of these quartzites to the other pre-Cuddapah sediments is 
unknown. 

96. Mr. D. Bhattacharji spent the field season of 1932-33 in 
surveying portions of the Nagpur and Umrer tahsils of the Nagpur 
district and of the Bhandara and Gondia tahsils of the Bhandara 
distriot, completing sheets 56 P/1 and 55 P/9 and the western 
half of sheet 64 C/3. 

The tract surveyed in the Nagpur dktriot on sheet 66 P/1 
consists of alluvium, Deccan trap and Intertrappeans. These form¬ 
ations showed nothing of unusual interest, 
Bhandara Interfcrappean occurrence being 

near BLal^mna (20° 46^: 70° 3'). 

Gf sheet 66 F/1 only a sfnall portion had been previously sur¬ 
veyed,. This area lies partly in the Nagpur and partly in the 
district, and is occupied by alluvium (of the Wainganga 
liver), , (Tin^yanl, Dharwarian rocks of both Sausar and Sakoli type, 
and gnei^c comple^. The Vindhyans form small exposures oy 
the Wainganga in the nei^bqurhood of Pauni, and are composed 
td gently dip|fing sandstone and slmles with an overlying conglom- 
tate» A tata gtitty Ital landtftone resting on steeply 



dipping gneisses and scHsts. Hiese ttMlcs are deduced to be of 
Vindhyan age from tbe agreement of l^eir strikes and general 
characters with the rocks mapped as Vindhyans by Me. F. K, Datta 
a few miles to the south. 

Sheet 64 C/3 (the Gondia sheet), depicting a portion of the 
Gondia tahsil of the Bhandara district, lies north of sheet 64 0/4 
(the Arjuni sdieet) of which the geology has alr^dy l)een completed 
by Dr. S. K. Chatterjee. 

The western half of sheet 64 C/3 is occupied by the reserved 
forests of the Gaikhuri range forming the north-easton corner of 
the Bhandara triangle of Sakoli rocks, whilst the low country to 
the west is composed mainly of gneisses with overlying alluvium. 
The Sakoli rocks with a general N. K. E. strike are partly on the 
northern extension of the rocks of this series recognised in sheet 
64 C/4 (the Arjuni sheet) to the south already surveyed by JDr. S. 
K. Chatterjee, and partly on the extension of the rocks recognised 
in sheet 55 0/15 (the Tirora sheet), previously surveyed by Mr. 1). 
S. Bhattacharji, of which accounts have been given in previous 
General Reports.^ 

The Bhandara triangle of Sakoli rocks to which so much attent¬ 
ion has been given by Mr. Bhattacharji and Dr. Chatterji comes 
to a point in the Gondia sheet, and with the completion of this 
area Mr. Bhattacharji ventures on an explanation of the structure 
of the whole triangle with its exceedingly complex folding. His 
Progress Report is as usual beautifully illustrated and a special 
feature of this season’s work is the collection of a series of speci¬ 
mens of intricately folded rocks which are held by Mr. Bhattacharji 
to show on a small scale structures applicable on a large scale to 
the Sakoli strata in the Bhandara triangle. He has also con¬ 
structed a number of models to show how by intricate folding a 
rock may imitate lit-par-lit injection, and various other structures 
of igneous rocks. 

In this report Mr. Bhattacharji has given some attention to 
the various types of gneisses found near Chanditola (21® 18': 80® 6') 
about ten miles south-west of Gondia. He recognises (1) biotite- 
gneisses of several types according to the additional minerals such 
as garnet, magnetite and hornblende, (2) hornblende-gneiss, and 
(3) sillimanite-gneiss. 

1 Bee. Qed. 8urv. J«n 2., LXY, pp. and LX¥1, pp. 108-111, (1932). 
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Malhari Vinayak Rao; Bern \4m February, 1878: Died 

23rd December, 1933< 

It is with great regret that I have to record the death of Rao 
Bahadur Malhari Vinafak Rao oa the 23rd of December, 1933, only 
a few months after his retirement from the post of Assistant Superin¬ 
tendent in the Geological Survey of India. 

Vinayak Rao was a graduate of Madras University obtaining the 
B.A. degree with Geology as one of his subjects from the Central 
College, Bangalore, in 1900. After a short period of practical under¬ 
ground training in the Ooregamn Gold Mine m Mysore he joined the 
Geological Survey of India as a Sub-Assistant on the 26th of October, 
1904. For his first field work he was posted to assist Dr. Malcolm 
Maclaren in his examination of the auriferous tracts of Southern 
India. In subsequent years Vinayak Rao was engaged on regular 
geological survey work in the Central Provinces, in Burma, and in 
the Madras Presidency. During the Great War he rendered valuable 
service to Government by participating in the investigation of the 
wolfram deposits of Lower Burma, and in recognition of his services 
the Government of India were pleased to promote him to the grade 
of Assistant Superintendent on the 6th September, 1919, and subse¬ 
quently in 1920 they conferred on him the title of ‘ Rao Bahadur’, 
Vinayak Rao had not a ready pen, in consequence of which he has 
but one published note to his credit in the Records of this Depart¬ 
ment, namely on the oil shales of Mergui, in Part 3 of Vol. LIV. 
In 1931-32, Vinayak Rao was President of the Geological, Mining 
and Metallurgical Society of India, and his Presidential Address 
entitled * Development of Mineral Resources of India’ appears on 
pages 83 to 91 of Number 3 of Vol. Ill of the Quartetiy Journal 
of that Society. 

In addition to systematic survey work Vinayak Rao undertook 
during his service, a considerable number of investigations of 
economic and engineering projects, upon each of which he submitted 
reports that were practical in their advice and of considerable utiHly. 
Another problem upon which Vinayak Rao was engaged at intervals 
was the collection of Vertebrate fossils from the Siwahks of Balu¬ 
chistan and the Punjab. FinaUy it is necessary to make mention 
of one special task entrusted to Vinayak Rao. As part of an inves* 
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tigation to deteocmine tlie amounts of edit and dissolved salts carried 
to the sea by Indian rivers, Vinsyak Eao for a whole year took 
;«l4m|>les of silt-laden river water from two stations on the Indus 
some 160 miles apart in a straight line, namely Kotri and Sukkur; 
the samples were taken once a week duriog the cold weather and 
twice a week dttring the inundation season, from surface, mid-depth 
and bottom at selected spots on a cross-section of the riv^ at each 
place. The total number of samples collected between the 22nd 
November, 1906 and the 22nd November, 1906, was 739, From 
the laboratory work subsequently carried out on these samples it is 
clear that Yinayak Bao discharged faithfully this monotonous but 
very valuable task. 

For a period Yinayak Rao was attached to my own field party in 
the Central Provinces and I then had an opportunity of becoming 
wey acquainted with his honesty of purpose, his devotion to work, 
and the friendly spirit that caused him to he Uked wherever he went. 
In illustration of this last quality it is pleasant to recall that Yinayak 
Rao, Bankim Bihari Gupta and I were in camp together in December, 
1911; Yinayak Rao suggested that to celebrate Coronation Day, 
namely the 12th of December, we should hold some village sports 
open to both the villagers and our servants. We three subscribed 
small sums for prizes and the sports were a great success, including 
not only the usual events, but a camel race and a specimen-trimming 
competition. A few days later the villagers in return provided us 
with a theatrical entertainment. 

Yinayak Rao retired as recently as 14th February, 1933, and ail 
those who knew him regret that he has not lived to enjoy many years 
of peaceful retirement. 
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The Khanpur Meteoric Shotor. By M. S. Krishnan, 
M. A„ Ph. D., a. R. C. S., D. I. C, Asshtmi Superinknd-* 
ent. Geological Survey of India, (With Plates 1 to 8.) 


INTRODUCTION. 


Some meteorio stones fell in Khanpur (25® 33' 80": 83° 7' 30") 
and a few neighbouring villages in the district of Ghazipur, United 

Provinces of Agra and Oudh, between the 
Time and iocallty of hours of 12 noon and 1 p.m. on Friday the 
shower. July, 1932. A brief mention of this fact 

was made in the General Eeport of the Geological Survey of India 
for the year 1932.^ It was learnt later that fragments of the same 
fell were recovered from Kakrapar^ (26° 36': 83° 3') in the Jaunpur 
district and from Karauli® (26° 33': 83° 4') on the banks of the 
Gumti river in the Benares district. From the accompanying 
sketch-map (Fig. 1 on page lOS) showing a portion of the Survey of 
India sheet 63 0/2, it will be seen that all the localities lie within 
a radius of about two and a half miles near the junction of the 
boundaries of the three above-mentioned districts. 

The Geological Survey of India received^ nine pieces of the 
meteorite from Khanpur on the 18th August, 1932, through the 

office of the Trustees of the Indian Museum. 
Pieces recovered, foUowing table (Table 1) are given the 

co-ordinates of the localities from which the pieces were recovered, 
two pieces from the village Gauri and one each fiom the remaining. 


^ Eec. Gkol. 8vrv, Ind., LXVU, p. 16, (1933). Khanpur is misspelt here as Khajigpur. 

‘ (Communication from Dr. L. J. Spencer of the Mineral Department British Museum 
(Natural History). It is also stated in Naiure, Vol. 131, p. 796, (3rd June, 1933), that 
fragments weighing 405 gms. were presented to the Natural History Museum by the 
(Colleotor of the Jaunpur district, through Mr. C. A, Silberrad. Kakrapar is hero 
wrongly spelt as Kahrapar. 

* Vide infra ih the extract from the report from the Jaunpur district. 

* A NoUfioatlott—M. 1134 dated 9th June, 1925, of the Department of Industries 
and Labour, Oovemment of India-—states that meteorites falling m Ifoitish India ate the 
property of the (lovemment and should be forwarded tp thedMlogioal Survey of India. 
Some dlstriot authorities seem to be unaware of this. 
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Fxo. 1.—Map showing the localities at which meteorites fell on the 8th July, 1932. 


Table 1.—^Localities from which pieces of the Khanpur meteoric shower 

w&re collected. 


Locality. 

North latitude. 

East longitude. 







0 

0 

0 

O 

0 

» 

Khanput . 

m • 




« 

25 

33 

30 

83 

7 

30 

Asman Ohah . 

• s 




• 

25 

33 

15 

83 

6 

30 

Miandai • 

« • 

e • 

e 


a 

26 

32 

0 

83 

6 

0 

Qadanpor 

^ i , ' 

• ' • 

• * 



e 

25 

32 

30 

83 

5 

0 

QmkbA . 

• * 

• * 



• 

25 

32 

0 

83 

6 

0 

Ahiadpor 

• h 

, • 



• 

25 

34 

0 

S3 

5 

30 

GtaOri . 

• • 




a 

25 

31 

30 

83 

6 

0 

Kewada 

• • 

» * 

• 



25 

33 

0 

83 

5 

0 

* 


It w almost certwn that several more pieces were lound by the 
viUagerSy but they haVe not been recovered because of the imwflling- 
neas of the people to divi2%e any Moriaatsoiu 
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In the following table (Table 2) are given tbe weights of the 
pieces as ireoeived and at the time of their final storage, and also the 
. specific gravities of a few. A small part of the 
g s o e p eces. weight may be attributable to 

loss of mohtture during storage in Calcutta, but it is mainly due to 
the using up of the material for study. Because of the bad packing 
in which they were sent to Calcutta, a certain amount of damage 
has been sustained, resulting in cracking and detachment of sm^ 
chips. 

In addition to the above, two pieces were received, one from 
Karauli and the other from Eakrapar, as late as February, 1934. 
Their weights are also shown in the following table. It is to be 
noted that the fragments weighing 460 gms. presented to the British 
Museum (Natural Histoiy) also belong to this fall. 


Tablss 2. — W^hts of the pieces received. 


No.' 

Locality. 

Original weight 
in grams. 

Final weight 
in grams. 

SpeoiOc 

gravity. 

I 

Gad&npur .... 

87711 

( 0 ) 779-14 

• • 




(6) 67-64 

• • 




(c) 23-10 

• • 




(d) 1-62 


n 

Kbanpnr .... 

467-72 

464-00 


in 

Nevada .... 

124*10 

124-06 

3-449 

IV 

Gk>rkha .... 

113-81 

113-72 


V 

Asman Obak 

68-05 

67-79 


VI 

Ahladpur .... 

102-85 

102-08 


VII 

Gauri .... 

66’46 

60-48 

3-260 

vin 

QaiiH .... 

41-02 

40-03 

3-409 

IX 

Mandai .... 

3006 

30-01 


X 

fragments broken during 

14-54 

11-20 



transit. 




XI 

■ • • • 

64-66 

64-66 

3-466 

XII 

Kakrapar .... 

1,312-13 

(a) 1,300-66 

3-466 


Kakrapar fragments 

• • 

(t) 11-68 

» • 


Totai. 

3,262-39 

3,248-20 

• • 


The values shown in the last column but one represent the weights 
of the pieces at the time of the final storage in the Museum. The 
difimrenoes in too values of the specific gravity are probably explained 
by the variation in toe abundance of troilite in toe different pieces. 
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CrRCUMSTANCES OF T«E FALL. 


TJi 6 foHowing is an extract from the report of Mr. Sarda Prasad 
Saksena, Supervisor Eanungo of the Khanpur 
Circle, dated the 9th July, 1932 


Kbimpar «r«s. 


‘ On tbe 8th July, 1033, between 12 noon and 1 v.u., pieces of black stone fell 
from the sky,,, .Mist theie was thunder and then they fell with a whizzing sound. 
It is said that they were hot when they falL’ 


. This was followed by a more detailed report, dated the 16th 
July, 1932, from which the following is taken:— 

‘ The fall of the meteorite is described in various ways in different villages 
and great difficulty has been experienced in obtaining fragments of the meteorite 
ut. ^ A a appropriated by the people who thought 

reportT*****^ * that mrmt (4- oollytium) made from them cored blindness, 

while others Believed that it cru^ fire bums. People were 
unwilling to part with the fragments they obtained and thus concealed all 
sorts of knowledge they had aboui the meteorite. 

.Dobi Prasad of Beheri and Ramnath Chaube of Qorkha state that they 
observed the fall of the meteorite from a height of 50 yards and 20 yards respeotiveiy. 
The first says that the fall formed a lino of smoke in the sky, but there was no 
luminosity, while the second says th^it the meteorite came as a burning ball.. 

The fedl took place between 12 (noon) and 1 r.SL, on Friday the 8th July, 1932, 
Only one person, Ramnath Chaube of Oorkba, says that the meteorite was seen as a 
bunting ball of ihe size of i of the full moon. 

The fall was noticed in eight villages—^Khanpur, Gadanpur, Mtfndai, Gauri, 
Gorkha, AMadpur, Asman Chak and Newada, where fragments were found.... 
Two pieces have been obtained from Gauri and one each from the remaining villages. 

The fact that pieces were found in different villages within a radius of miles 
leads to the conclusion that the meteorite divided itself into several pieces before 
the fall, as aU the pieces collected appear to be of the same colour and composition 

. The actual fall was accompanied by a whizzing sound ending in a heavy 

thud at the time of contact with the ground. The meteorite is reported to have 
come from the south-west and the weight is said to be from a half a seer^ to seven 
seers... .The evidenoe goes to show that it was warm when it fell 

At two places, in the villages Gadanpur and Gorkha, it fell on the tiled roofs 
of hotttGS. In one cale'it remained on the roof and in the other it passed through 
ahd fell inside a room. In village Newada a piece fell in the river Gumti, and a 

piece in^ Gorkha in a pool. In other places it fell on open ground. In some 

ph^^ee the fragments did not penetrate deep into the earth where the ground was 
hard, white, in some places they penetrated to a depth of eight inches only wh^ 
the soil was soft. As it rained shortly after, the pits were filled up and were not 
avaitebte for observation. No change in the soil is reported on account of the 
telt* 

‘ I sfitfsi>2*0571 |KSiate,favoitditp<d!i*»083H^ gwmSf 
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On receipt of the (k»nmmiioatloii from Dr. L. J. Spencer, and the 
note in Nature above referred to, the authorities of Jaimptir district 

were requested to send their report and any 
apararea. available pieces. A copy of the report from 
the Supervisor Kanur^o of the Kakrapar area, accompanied by a 
piece weighing 912-06 gms., was duly received. This latter may 
be described roughly as a triangular prism, with the three sides 
measuring about 116, 136 and 76 mm. respectively, and the height 
about 70 mm. The greater part of the surface has a fused 
appearance, the interior being extremely fine-grained, somewhat 
porous and dark grey in colour with indefinite patches of dark red- 
brown. Its specific gravity is 2-292. Megascopic and microscopic 
examination, however, shows it to be of the nature of ordinary 
fused brick, an opinion with which several of my colleagues agree. 
It seems very unlikely that the genuine meteroite could have fused 
such a thickness of soil, since it fell on wet ground during the height 
of the monsoon. The explanation seems to be that the villagers 
collected a piece of fused brick in mistake, in addition to the genuine 
meteorite which they undoubtedly collected at Kakrapar. A piece 
of the genuine meteorite from Kakrapar was received only in 
February, 1934. 

The following is extracted from the report, dated the 13th 
February, 1932, relating to the fall at Kakrapar:— 


‘ The meteorite fell on the 8th July, 1932, at about 2 f.m., in village Kakrapar 
in a field owned by Banshlochan Chamar. The same day at the same time one 

more meteorite is said to have fallen in village Karauli on 
the bank of the river Qumti. 


Kakrapar: report. 


Before the fall of the stone, the sky was thunder-struck thrice and it was cloudy. 
When the stone fell a noise like that of an aeroplane was heard. Half of the stone 
sank into the ground about 12 inches deep and nearly one-half of it was stiH above 
ground. The tenants were out in the fields and they saw it falling. It was giving 
out smoke, and a shower of rain fell just after the fall. When the shower of rain 
was over, the people gathered and took away its parts. It was one piece whmi it 
feu but was broken by the people. It was about 15 seers in weight. Its dimensions 
were approximately 21 ft. long, 1 ft. wide and 1 ft, thick. 

I oonld gather about 5 seers and sent them to Sadr (headquarters)* The people 
had kept them as idok It was easily broken and it was black in oclour with parti¬ 
cles like guinea-gold mixed in it. There was a flash of light when fibe stone fell. 
The flash of light came from the north and went to the sou^ It was hot when the 
l^ple gathered there and broke it. They had to dig it &om the ear^, lifo more 
of it is available at present,* 
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Abotit 1^6 ^aII at Karaulij tbe letter whicb accompanied the 
piece of meteorite from there stated.*-^ 

*Tfae meteorite in question fell in the fieid of one Shj^m BehaH Singh of 
Mauta Katnuli, TaMl Benares. !Before it fell, a thunderous sound was heard 

and on its fall the meteorite broke into pieces; smoke was 
seen rising up at the place where it was lying. The people 
of the ridnity, who had assemble there, picked np all the hroinn pieces and carried 
them away,* 


DESCRIPTION OF THE STONES. 


Afl mentioned above, nijae pieces were received Kbanpnr. 
Tbe largest piece, No. 1, bad broken ofi into one large, and two small 
_ . , pieces, with some attendant fragments, whose 

p one specittent. -^^eigbts are shown in Table 2. Two 

views, which may be cs^ed the front and back views of tbe largest 
of these, is sbowB in Plate 1, figs. 1 and 2. Tbe appearance of tbe 
smaller pieces, which fit exactly on to each other, is shown in Plate 5. 
In the largest piece, the crust is present over about three-quarters of 
the surface. A portion of the fractured surface shows a greyish 
sHckensided appearance. Several depressions and well-marked 
circular or oval pits, the latter 2 to S mm. deep, are seen on the 
crusted surface. The crust is black and rather shining, and shows 
some minute discontinuous flow-lines. The crust is very thin, 
being only a fraction of a millimetre in thickness. 

Piece No. II is the most perfect in the collection in that it has the 
crust on nearly nine-tenths of the surface. The protruding edges 
had lost some fragments during postal transit. The piece is very 
irregular in shape and no indication can be found from the ill- 
devebped flow-lines of the direction of flight of the stone. Two 
views of this stone are presented in Plate 2, flgs. 1 and 2. 

The other pieces, numbered from III to IX, and XI, are all 
irregular and ipqomplete, al the crust is present only on about a 
hilf or less of ike surface of each. Their general appearance can 
be gathered from Plates 3, 4 and 5. 

Piece No. XII, which is the largest in this collection, is shown in 
Plate 6, the three views being obtained by rotating the piece sncc- 
essivefy through 120® round its vertical axis. 

The Iraotuied surfaces are pale grey, nearly white. They are 
studded with golden yellow grains of troilite of diflerent sizes, the 
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largest one measuring about 9 mm. across. No definite veins are 
to be seen. The mass, though compact looking, is rather soft 
and friable, a condition not improved by the bad packing in which 
the material was sent to Calcutta. 


Two of the broken fragments were utilised for preparing thin 
sections. A general brecciated appearance is noticeable under 


Microscopic description. 


the microscope. Radiating porphyritic and 
granular chondri are abundant. Besides some 


glassy matter, the minerals recognisable are enstatite, olivine and 


troilite. 


The enstatite makes up very finely fibrous, radiating chondri. 

Most of these have an eccentric structure (Plate 7, fig. 1) while some 

„ . ... show the fibres in parallel orientation (Plate 8, 

Enstatite and oilvine. x* a i j a • a. a-I i 

fig. 2). An enlarged eccentric enstatite chon- 

drus is seen in Plate 7, fig. 2. The olivine generally occurs in much 

coarser form. A porphyritio chondrus with idiomorphic crystals 

of olivine is seen in Plate 8, fig. 1. Much of the granular material 

of the sections is olivine, forming part of granular chondri. 

A little finely crushed material, on immersion in suitable liquids, 

showed that the olivine had a refractive index ranging up to a 

maximum of 1'706, while enstatite had a medium value of about 

1*685. These values would point roughly to an olivine with about 

15 per cent, of FeO and an enstatite with about 8 to 10 per cent, of 

FeO. 


Troilite grains are interspersed with these. They sometimes 

TroHiie * tendency to be streaky. A few minute 

fragments, which were tested for nickel, gave 

a negative result. 

Some glassy material is present m the interstices of the grains 
and fibres of olivine and enstatite. There is also some very finely 
crystalline material. 

As the pieces described here came from Khanpux and its neigh¬ 
bourhood, it is proposed to call them by the name of that village. 

. They have been registered under No. 296, 
tlon?”** *" ^ "*** stone meteorite, m the collections of the Geolog¬ 
ical Buivey of India. In Brei^ina’s classificat¬ 
ion, the material is assigned to No. 16, Breccia-like White Chondrite 
(Cwb). ^ 
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SXPLw\NATiaN OF PLATES. 

PZhttin 1, Fia. 1. Tieoe 1 (Gtodsuapur), ficout view. 

Fia. 2. Piece I (Gadonpiu), back view. 

Piuk3% ^ Pm. 1. Piece 11 (Khanpar), tcont view. 

PM. 2. Piece 11 (lUtanpur}, back view. 

Ptukva 8. Pieces III (Newada), IV (GorkW) and V (Asman Chak). 

Pi^T* 4. Pieces VI (AbJadpor), VII {Gauri} and VIII (Gauri). 

Pju.®® S. Pfeoes I {b» o) (Gadanpur), IX (Mandai) and XI (KarauU). 
pLAtB 0, Three views of Piece XII, obtained by rotating it successively through 
120° round its vertical axis. 

Plats 7, Pio. 1. Thin section 22,909 from Piece I, showing brecciated appearance, 
radiating enstatite ohondii and granular olivine ohondri. (x 
12 .) 

. Pzo. 2. An eccentric radiating enstatite ohondrus in tbe same section. 
(X 32.) ' ' 

pLATB 8, Pro. 1. A part of thin section 22,909, showing an excellent porphyritie 
olivine chondrua near the centre, (x 16.) 

Fio. 2. Thin section 22,910 from Piece II, showing finely fibrous enstatite 
ohondrus with parallel orientation of the fibres. ( x 16.) 

Pig. 3. A part of section 22,910, showing a radiating olivine cbondrus. 
(X 82.) 
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Recent Observations on the Cambrian Sequence of the 
Punjab Salt Range. By E: R. Gee. M.A. (Cantab.), 
F.G.S., Assistant Superintendent, Geological Survey of 
India. (With Plates 9 to II.) 


INTRODUCTION, 

In the eastern part of the Chs-Indus Salt Range, the strata that 

^ . usually overlie the Salt Marl include the 

General sequence. , . 

following :— 

Salt Pseudomorph beds. 

Magnesian Sandstones. 

Neobolus Shales. 

Purple Sandstones (at the base). 

Of these beds, the Neobolus Shales have, in the past, proved to 
be fossiliferous, the fossils including trilobitcs, primitive tyjies of 

brachiopods, etc., of Cambrian age.* On 

Suggested Cam- account of the very close association of the 
r an age o su e. overlying Magnesian Sandstones and of certain 
fossils discovered by Noctling, the latter were also regarded as 
belonging to the Cambrian, and it has been suggested by Cyertain 
writers who have examined the area subsequent to Mr. A. B. Wynne’s 
original survey, that both the underlying, unfossiliferous Purple 
Sandstones and the overl 3 dng Salt Pseudomorph beds, also, belong 
to this Cambrian suite. 

In addition, on the evidence of Wynne’s work, with important 
later additions by Mr. C. S. Middlemiss, it has been inferred that 

this sequence was subjected to erosion in pre- 
Pre- a c ir eros on. (pre-Upper Carboniferous) times, result¬ 

ing in its gradual elimination westwards in the middle and western 
parts of the Cis-Indus Salt Range. The Salt Pseudomorph beds 
were supposed to have died out near Makrach (32® 40': 72® 54'), 


* Wynne, Mem.awl. Svrv. Iwd., XIV, Art* 1, (1878). Middlemios, i?ec, Cecil. 8vrv, 
fni., XIuV, Pt. 1, (1891), Bedlich, Pal. Ind. (New Series), Vol. I, Mum. 1 (1899). 
Walo ott, Proe. Waah. Acad. Bci., WI, pp. 261-266, (1906). Noetling, Bee. Ocol, Surv, 
iiul., XXVII, p. 74, (1694). Pwcoe, xem. Qeol. Svfv. iWd., XL, Pt.3, (1920), PoX, 
Beo. Qcol. Svrv. Ind., LXI, Pfc. 2, (1928). Cotter, Mem. Geol. 8vrp. fnd., LV, Pt. 2, 
(1983)'. 
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the Ha^edxaa Sandstones near the Hilawahan soul^ of Knxpur 
(83* 40*: 72® and the HeoiboliiB Bhedes around Katha (32° 31': 
72^ 86'h the Purple Sandstones being absent in the western end of 
the Salt Bange. 

Overlying these various strata, the Talchir boulder bed was 

supposed to transgress, fairly regularly, westwards. In the eastern 

end of the Salt Bange it overlay the Salt 

TransfrcMton of Pseudomorph beds, between Makrach and 
Tslcfalr bottlder bed. -rr -j. j xi. nr • c« j j. 

Katha it rested on the Magnesian Sandstones 

or the Neobolus Shale beds, west of Natha it was deposited directly 
on the Purple Sandstones, and in the western end of the Bange it 
transgressed on to the Salt Marl series. 

The pre-Talchir land-surface of the Cis-Indus Salt Bange was, 
therefore, visualised as an area of markedly regular topography, 
only slightly affected by post-Oambrian earth-movement®. For those 
who favoured an early Cambrian or pre-Cambrian age for the under¬ 
lying Salt Marl Series, this feature was, very naturally, an important 
one. 


PURPOSE OF PAPER. 

In the present note, evidence throwing light on certain of the 
above-mentioned features, is brought forward. This evidence, which 

has accumulated during the course of the 

Evidence secMinulated geological survey of the Salt Bange during the 
during present survey, . r. . 

past five years, appears to prove :— 

(i) The probable correctness of the assumption that the 
Magnesian Sandstones and overl 3 dng Salt Pseudo¬ 
morph beds are of Cambrian uge. 

(ii) The incorrectness of the assumption that the pre-Talchir 
land-surface in the Cis-Indus Salt Bange was an area 
of markedly regidar topography. 

The evidence for these two assertions is as follows : 

EVIDENCE. 

The pre-Talchir Land-surface. 

W'fthin several of the principal gorges that intersect the Salt 
Bange scarp and the plateau to the north in the middle portion the 
Bange the SardL Nurpur and Katha gorges), the Talchir 

boulder bed» when traced northwards up these gorges, transgresses 
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on to lower honzons of the Cambrian sequence. This unconfonnable 
transgression is here, however, relatively gradual. 

Further west around Warcha Mandi (32® 26' 30" : 71® 67'), 
however, this northerly transgression is more rapid. In the lower 
ojarp slopes, the Talchir boulder bed rests on the Purple Sandstones, 
the latter being often over 200 feet in thickness, whilst not far to 
the north withm the middle scarp slopes, where the sequence is 
repeated by folding, fold-faulting or by thrusting, this late Palaeozoic 
boulder horizon in many instances directly overlies the Salt Marl 
series—^the Purple Sandstones being absent. 

Even this evidence is, however, by no means as impressive as 
are certain features still further west—near Chittidil (32° 29': 71° 
54') about five miles north-west of Warcha Mandi (Rukhla) and 
again at Chhidru (Chideru) (32° 33': 71° 46' 30"). At these two 
places, important remnants of the Cambrian sequence (the Neobolus 
Shales, Magnesian Sandstones and Salt Pseudomorph beds) have 
been discovered in the course of field work during the past two years. 

Details of Cambrian The details of these two Cambrian occur- 
occurrences. rences are as follows :— 

(a) The Chittidil area. 

On the right side of the Dhodha Wahan, about J] miles iiorth- 
Cambrian beds near eaat of Chittidil Host House, the sequence 
Chittidil. includes 

{Tahhir boulder 6td—unconformable.) 

4. SaU Pseudomorph 6eds-—typical red shales and flags, ripple- 
marked and including some cube-shaped paeudomorjihs, 
with purple-grey gypseous shales at the base ; the series 
attains a local thickness of several hundred feet. 

3. Magnesian Sawdstones—some massive, hard, calcareous and 
dolomitic sandstones with bands of purple-grey shale. 

2. Neobolus jSAuZes—purple-grey shales and sandy shales with 
bands of hard, calcareous, glauconitic sandstone; the 
usual pebble bed occurs at the base. 

1. Purple Sandstone series—-massive, jointed, maroon, and sub¬ 
ordinate buff-coloured sandstones, with maroon shales 
and flags at the base<; total thickness at least 250 feet. 

The Neobolus Shale and Magnerian Sandstone beds are together 
about 175 to 200 feet thick, that is, appreciably thinner than in the 
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extreme eaat of the Sait Bange. The passage from 2 to 3, and 
from 3 to 4, is also much more gradual in these Chittidil expos- 
uiefi. 

Between Chittidil and Chhidru, that is, around Qolewali (32*^ 
29' 30*: Tl'’ 51'), th^ Neobolus Shale: Magnesian Sandstone: Salt 
PseUdomotph sequence is absent, the Talchir boulder bed resting 
directly on the Purple Sandstones. 

In the lower scarp slopes about 1|^ miles K. S. B. of Chhidru, 
however, these Cambrian beds recur locally. 

(6) The Chhidru area. 

Cambrian beds near Th® section in the southern branch of the 
Chltidru. Khanisaman gorge is as follows :— 

{Tahhir boulder bfd—piarkedly unconformable.) 

d. Salt Pmtdomorph 5e<fs—^blood-red, spotted green, shales and 
flags, absent in the gorge*bed, but thickening up the 
north-western slopes to about 45 feet. Below conics 
an alternating sequence of flaggy calcareous, grey-green 
sandstones, purple-red and greenish shales and flags, 
and purple-grey micaceous shales with dark purplc-rcd, 
and greenish shales and flags at fche base. The 
thickness of these lower beds is about 100 feet. 

3. MayHesmn Sandstones —^massive, jointed calcareous and ? 
dolomitic, grey sandstones and flags, alternating witli 
purple-grey shales and sandy shales *, total thickness 85 
to 90 feet. 

2. Neobolus Shales —purplish grey shales, micaceous sandy shales 
and micaceous, greenish grey, glauconitic sandstones 
alternating with subordinate flags and hard, calcareous 
sandstone bands. At the base occurs a three- to four-foot 
band of yellow and white grit terminating below in the 
typical Neobolus Shale pebble bed. Total thickness of the 
series is about 105 feet. 

1. Purple Sandstone senes -similar to the more easterly out¬ 
crops, inchidiiig a maroon shale and flag zone at the 
base; total thickness of the series is about 350 feet. 

In this gorge-section, the Talchir boulder bed is seen to trans¬ 
gress mKm the upper part of the Balt Pseudomorph strata, so that 
although ihe l^ood-re4 shal^ crop out up the north-western slopes, 
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are largely ab^t in and around the gorge bed, the I^lobir 
boulder bed resting directly on the lower borirons in the bed of the 
nah. This transgression occurs within ^e s|>aoe of a few hundred 
yards in a N. E.-S. W. direction. Again, about three-quarters of a 
mile south of this gorge, and about the same distance to the north of 
it, the Talchir boulder bed rests directly on the Purple Sandstones, 
the fossiliferouB Cambrian beds being absent. 

The occurrence of these two exposures, including representatives 
of the complete Cambrian sequence of the Salt Bange—-at Chittidil 


Conclusion: Pre* 

Talchir land>surfacc 
irregular. 


and at Chhidru—indicates that the pre-Talchir 
land-surface of the Cis-Indus Salt Bange was 
definitely irregular in topography, and that the 


Talchir transgression was by no means so gradual a feature as has 


been previously supposed. 


CONTINUITY OF CAMBRIAN SEDIMENTATION. 

At Chittidil, trilobites and brachiopods were found in the purple- 
grey shales of the Keobolus Shale series, and in the similar shales 

Fossils within the occur within the Magnesian Sandstone 

Cambrian sequence at series not far below the Salt Pscudomorph 
Chittidil and Chhidru. 

At Chhidru, a few similar brachiopods were obtained from the 
purple-grey shales of the Magnesian Sandstone series, and also from 
similar grey shales that occur within the basal portion of the Salt 
Pscudomorph sequence. 

At least some of these specimens appear to be identical with 
certain of the Neobolus Shale fossils that have been discoveied by 

Fossils identical with obseiTers in the main outcrops of the 

certain Neobolus Shale eastern parts of the Salt Bange. 
fossils. 

Again, the whole. sequence, from the Neobolus Shales up into 
the Salt Pseudomorph beds, is quite confoimable, and although in 

Conformability of eastern portion of the Bange, the three 

sequence. divisions—Neobolus Shales, Magnesian Sand¬ 

stones and Salt Pseudomorph beds—can be distinguished fairly 
definitely on lithology alone, at Chittidil and at Chhidru this distinct¬ 
ion is less marked. At the latter places, the massive hard, calcareous 
and dolomitic sandstones of typical * Magnesian Sandstone ’ type 
are far less prominent, and purple-grey, micaceous shales and flags, 
similar to those that predominate in the Neobolns Shale series, 
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oopixx witiun Magnesian San<ist<»ies and among the basal beds 
of to Salt Psendomoipb series. 

!I1ierefoie, on lithology and the absence of any di»x»nformity 
alone, one might well regard the three divisions as parts of one 

Conclosion ; contlu- continuous sequence of Cambrian sedimentation, 
uota ie4aenc« of Cstnb- This feature appears to be home out by the 
rtsii sedimentaflon. recently-discovered fossils of the exposures at 

Chittidil and Chhidru in the middle-western portion of the Cis-Indus 
Salt Bange. 

EXPLANATION OF PLATES. 


Platk 9. Folded Cambrian beds forming the right slopes of the Bhodha Wahan 
Salt Bange. The photograph shows the Cambrian sequence forming 
spur 2,055 feet, overlooking the Bhodlia Wahan about IJ miles 
north-east of Chittidil Best House (sheet 38 P/15}. Salt Marl 
crops out in and around the gorge-l)ed. Above, the thick Purple 
Sandstone serfes forms steep slopes capped by the Neobolus Shale— 
Magnesian Sandstone strata. The latter form a sharp synoline, 
within which the Salt Pseudomorph beds are included. 

PnATB 10. Scarp slopes soutli-east of Chhidru, Salt Bange. 

At the base of the scarp to the south-east of Chhidru (sheet 38 P/14), 
in the right half of the photograph. Salt Marl crops out around the 
entrance to the Khan^iaman gorge. Above, the lower cliffs include 
exposures of the Cambrian beds followed by more gentle slopes of 
Speckled Sandstone strata. The cliffs of the upper slopes (in the 
right half of the photograph) are composed mainly of Middle Pro- 
ductus limestonoB. These beds, together with overlying Upper 
Produotus, Triassic, thin Jurassic and Siwalik strata, are thrown 
into a shaip synoline, the eastern limb of which is considerably 
sheared. Among these sheared strata, the Middle Productus 
limestones are again exposed as jagged cliffs seen forming the 
ridge and peak at the top of the scarp in the middle of the photo¬ 
graph. 

PliATK 11. The Cambrian-Talohir boulder bed sequence south-east of Chhidru, 
Salt Range. 

The cliff-seotion in the lower half of the photograph shows the Cam¬ 
brian suite as exposed in the right-hand slopes of the southern 
branch wf ihe Khanzaman nala, about 11 miles south-east of Chhidru 
(sheet 38 P/14). 

In the lower slopes, the Purple Sandstones crop out followed above 
by the Neobolus Shale and Magnesian Sandstone strata. Salt 
Pseudomorph beds overlie the latter, the dark red shales and flags 
being seen in tilie top of this soarp section. These red shales die obt 
to ^ dip, that is, down the slope towards the right-hand bottom 
eornar of the photograph, being overlapped by the Talohir boulder 
bed rests imoonlormaldy upon them. 
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FIG. 1. PIECE I (GADANPUR), FRONT VIEW. 
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FIG, 2. PIECE I (GADANPUR), BACK VIEW. 
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PIECE III (NEWADA), IV (GORKHA) AND V (ASMAN CHAK). 
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PIECES VI (AHLADPUR), VII AND VIII (6AURI). 
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PIECES I (6, c) (GADANPUR), IX (MANDAI) AND XI (KARAULI). 
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THREE VIEWS OF PIECE XII (KAKRAPAR), 08TAIHED BY ROTATINQ IT SUCCESSIVELY THROUGH 120“ 

AROUND ITS VERTICAL AXIS, 
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FIG. 1. SHOWING BREOCIATED APPEARANCE. RADIATING ENSTATITE 
CHONDRI AND GRANULAR OLIVINE OHONDRI. X 12. 





fia.1. SHOWma AN EXCELLENT PGRPHVRITIC FIQ. 2. SHOWING FINELY FIBROUS EN8TATITE FIG. 8. SHOWING A RAOIATIMG CyVIlll 
OLIVINE CHONORU8 NEAR THE OHONDRUS WITH PARALLEL ORIENTATION CHONDRUS. X 22. 

‘ CENTRE. X 11. OF THE FIBRES. X 11. 
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£. X. Get, PHete. S' ^aXuUa. 

FOLDED CAMBRIAH BEOS FORMING THE BIGHT SLOPES OF THE DHODHA WAHAN, SALT RANGE. 
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SCARP SLOPES SOUTH-EAST OF CMHIDRU, SALT RAHQE. Caicutta, 





THE CAMBRIAN-TALCHIR BOULDER BED SEQUENCE ^MJTK-EAST OF GHHIDRU^ SALT BANQE< 






